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ABSTRACT 
 
The flavonols are one subgroup of the flavonoids which are aromatic secondary metabolites 
of plants. They occur in almost all parts of the plant being stored in cell vacuoles. The 
natural flavonoids are mainly in a glycosylated form since these are less reactive and more 
water-soluble than the flavonoid aglycones. These polyphenolic compounds exert a wide 
range of biological effects e.g. antimicrobial, anti-allergic and antioxidant effects.  
Onions belong to the genus Allium and the common table onion (Allium cepa) is 
cultivated almost everywhere in the world. Well-known and widely cultivated species of 
Allium include leek (Allium porrum L.), shallot (Allium ascalonicum Hort.), yellow and red 
onion (Allium cepa L.) and garlic (Allium sativum). In addition to their use in food 
preparation (Lanzotti 2006), onions are also utilized for their therapeutic properties. 
The aim of this study was to conduct an extensive profiling of the onion metabolites such 
as carbohydrates, free amino acid, organic acids and flavonoids. The flavonoids present of 
Allium porrum are poorly characterized within the onion genus and no comparisons have 
been conducted with this leek cultivar. 
First NMR, HPLC-MS methods were developed to analyze plant metabolites. These 
methods allowed quantification of several metabolites including flavonols from onion 
(Allium cepa). A comparison was made of the metabolites and flavonols of different onion 
species and cultivars: Allium cepa, Allium sativum, Allium ascalonicum Hort. and Allium 
porrum. The highest amounts of fructose and fructo-oligosaccharides were found in garlic 
and lowest in long shallot. The flavonol concentrations in leek were lower than those in the 
other species. The most abundant flavonols in leek were kaempferol derivatives.  The white 
stalk and the light green stalk contained lower concentrations and a smaller number of 
different flavonoids than those in the green stalk. In leek cultivars ten-fold differences were 
found between some of the metabolites. 
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TIIVISTELMÄ 
 
Flavonoidien yksi alaryhmä on flavonolit, jotka ovat kasvien aromaattisia 
sekundaarimetaboliitteja. Flavonoideja esiintyy kaikissa kasvien osissa, joita ne varastoivat 
solujen vakuoleihin. Luonnossa flavonoidit esiintyvät lähinnä O-glycosideina, koska ne 
ovat vähemmän reaktiivisia ja vesiliukoisempia kuin flavonoidien aglykonit. Näillä 
polyfenolisilla yhdisteillä on laaja kirjo biologisia vaikutuksia esimerkiksi antimikrobisuus, 
antiallergeenisyys ja antioksidantti ominaisuudet. 
Sipulit kuuluvat Allium sukuun ja tavallista sipulia (Allium cepa) viljellään lähes 
maailmanlaajuisesti. Hyvin tunnettuja ja laajalti viljeltyjä Allium lajeja on purjo (Allium 
porrum L.), salotti (Allium ascalonicum Hort.), kelta- ja punasipuli (Allium cepa L.) ja 
valkosipuli (Allium sativum). Sipuleilla on ruuanlaiton lisäksi myös terapeuttista käyttöä.  
Tämän tutkimuksen tarkoituksena oli tehdä laaja metaboliittien profilointi sipuleista, 
kuten hiilihydraatit, vapaat aminohapot, orgaaniset hapot ja flavonoidit. Purjon flavonoidit 
pääasiassa tuntemattomia ja vertailua eri purjolajikkeiden välillä ei ole tehty.  
Aluksi kehitettiin NMR, HPLC-MS metodit kasvimetaboliittien analysoimiseen. Näiden 
metodien avulla määritettiin useita metaboliitteja ja kahdeksan flavonoliyhdistettä eri 
sipulilajeista Allium cepa, Allium sativum, Allium ascalonicum Hort. and Allium porrum, sekä 
purjon lajikkeista. Korkeimmat pitoisuudet fruktoosia ja fruto-oligosakkarideja löydettiin 
valkosipulista ja pienimmät banaanisalotista. Purjossa flavonolien konsentraatiot olivat 
pienemmät kuin muissa testatuissa sipulilajeissa. Runsaimmin esiintyvät flavonolit 
purjossa olivat kemferoliyhdisteitä. Valkoinen varsi ja vaalean vihreä varsi sisälsivät 
pienemmän konsentraation ja vähemmän flavonoideja kuin vihreä lehti osa. 
Purjolajikkeissa havaittiin kymmenkertainen vaihtelu joidenkin metaboliittien kohdalla.  
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1.Introduction 
The plant kingdom is a treasure house of interesting molecules, many of which might have 
therapeutic potential. It is known that effects of medicinal plants or herbal products are 
attributable to their with the chemical components and that there are significant differences 
in the content and physical and chemical properties of the materials in even closely related 
species. Furthermore the active components of many medicinal plants remain still 
unknown. The pharmaceutical activity of the plants might be due to synergistic effects 
being exerted by some of the major and minor components. Therefore, profiling of the 
chemical composition with analytical tools that are sensitive and selective is an important 
way to evaluate the contents of the medical plants, as well as their safety and efficacy (Wu 
et al. 2013). The goal of chemical screening or metabolic profiling is to find new molecules 
directly from crude plant extracts. There is no single analytical technique that is capable of 
profiling all secondary metabolites in a plant extract (Wolfender et al. 2003). However, 
efficient detection and rapid characterization of these compounds plays an important role 
in the study of the medicinal plants. 
Flavonoids are aromatic secondary plant metabolites and they occur in fruits, vegetables, 
nuts, seeds, bulbs, skin of the fruits, flowers and bark. In plants, flavonoids are present as 
flavonoid aglycones, flavonoid O-glycosides, flavonoid C-glycosides, and/or flavonoid O-, 
C-glycosides (Niessen 2006, p. 414). An aglycone is the non-sugar derivative compound of 
the phenol that results from the hydrolysis of the molecule. The glycosylated forms are 
protected forms of flavonoids; they are less reactive and more water-soluble, therefore 
glycosylation prevents cytoplasmic damage and makes the compounds safer to be stored in 
cell vacuoles (Harborne & Williams 1982, p. 262). Plant flavonoids are usually studied with 
mass spectroscopy, and research into flavonoids can be divided into either the study of the 
aglycone and that of glycosylation and acetylation. 
Polyphenolic compounds have been reported to exhibit a wide range of biological 
activities, for example antibacterial (Alvarez et al. 2008, Friedman 2007, Mukne et al. 2011), 
antiviral (Shahat 2002, Danaher et al. 2011), anti-inflammatory (Lin et al. 2005, Thring et al. 
2011), antiallergic properties (Koyama et al. 2011, Shimosaki et al. 2011) as well as the 
ability to chelate divalent cations (Shi et al. 2011, Zhang et al. 2011). 
Onions belong to the monocotyledonous genus Allium and family Alliaceae. The genus 
Allium has been recently estimated to contain 750 species (Fritsch & Friesen 2002, pp. 5-31), 
but almost 650 of them have two or more names (synonyms) (Friesen et al. 2006, Brewster 
2008, pp. 1-2). The taxonomy of Allium species is complicated because of the great number 
of synonyms and the intrageneric grouping (Klaas 1998, Friesen et al. 2006).  
Allium cepa is the most widely consumed onion, it is cultivated in many different climatic 
areas, and relatively stable yields are harvested in most years. Well-known and widely 
cultivated species of Allium include leek (Allium porrum L.), shallot (Allium ascalonicum 
Hort.), yellow and red onion (Allium cepa L.) and garlic (Allium sativum). In addition to their 
use in food preparation (Lanzotti 2006), onions are also valued for their therapeutic 
properties; they are active as diuretics and laxatives and have been used to treat headaches 
and parasitic worms (Griffiths et al. 2002). Onion extracts have been reported to have 
beneficial properties, for example against cancer (Galeone et al. 2007, Xiao & Parkin 2007), 
cardiovascular diseases (Vazquez-Prieto & Miatello 2010), blood pressure (Edwards 2007) 
and inflammatory diseases (Tribolo et al. 2008). 
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2. Review of Literature 
2.1 STRUCTURE OF FLAVONOIDS 
The structural features of flavonoids make them one of the largest and most diverse 
phytochemical groups in the plant kingdom (Tsao & Mc Callum 2010, p. 131). Over 1500 
flavonoid aglycones have been reported and more than 6500 different flavonoid derivatives 
have been characterized (Niessen 2006, p. 415), it has been speculated that their number 
may well exceed 8000 (Ververidis et al. 2007). The chemical structure of flavonoids is based 
on a C6-C3-C6 skeleton as shown in Figure 1. Two or more aromatic rings are a characteristic 
of the flavonoids. These aromatic rings contain at least one aromatic hydroxyl and are 
connected with a three-carbon bridge (Beecher 2003). Several flavonoid classes can be 
distinguished by the degree of unsaturation and degree of oxidation of the three-carbon 
segment (Marby & Markham 1975, pp. 81-108, Robards & Antolovich 1997). The most 
important variation of flavonoid aglycone structures, the non-sugar compound, arises from 
the attachment of substituents to the heteroatomic ring C, attachment point of the aromatic 
ring B is either at positions C-2 or C-3 of the ring C and the overall hydroxylation patterns 
(Stobiecki & Kachlicki 2006).  
 
Figure 1. Flavonoid structures, ring labeling and atom numbering of isoflavones (I) flavones and 
flavonols (II), aurones (III) and chalcones (IV). Note that in chalcones, the numbering of the 
substituent positions is reversed, in comparison to other flavonoids. 
 
The position of the linkage of the aromatic ring C divides flavonoids into three classes: 
the flavonoids, isoflavonoids and the neoflavonoids. Furthermore, the classes are divided 
into to subgroups: isoflavonoids to eleven and neoflavonoids into three and the flavonoids 
into eight subgroups (Marais et al. 2006, pp. 1-4). According to the cyclization and the 
degree of the unsaturation and oxidation of the three-carbon segment, the flavonoids can be 
classified into following subgroup classes; flavones, flavonols, flavanones, isoflavones, 
anthocyanidins, chalcone and aurones aglycones (Cuyckens & Clayes 2004, Iwashina 2000). 
The basic structures of the main classes of flavonoids, which account for about 80% of 
flavonoids (Pinheiro & Justino 2012), are shown in Figure 2.  
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Figure 2. Basic structure of the eight main classes of flavonoids. 
 
Interconnections differences of each flavonoids subgroup can be seen in Figure 2. Main 
differences of each groups rise from the variation in amount and position of the hydroxyl 
groups as well as from the nature and extent of alkylation an/or glycosylation (Rice-Evans 
et al. 1996). 
2.1.1 Flavonoid subgroups 
2.1.1.1 Flavonols  
Flavonols have the ability to form polymers and their structural difference to the flavones is 
the hydroxyl group on carbon 3, which is often glycosylated, therefore this group is 
perhaps the most common (total amount about 400-600) in fruits and vegetables. (Tsao & 
Mc Callum 2010, p. 133). Backbone structure of the most common flavonols is shown in 
Figure 2 and their most common trivial names and substituents are described in Table 1. 
 
Table 1. Substituents, their positions and the trivial nomenclature of the most common 
flavonols. 
 
Group Trivial name 5 6 7 8 2’ 3’ 4’ 5’ 
Flavonols Fisetin H H OH H H H OH OH 
 Galangin OH H OH H H H H H 
 Gossypetin OH H OH OH H OH OH H 
 Kaempferol OH H OH H H H OH H 
 Morin OH  H OH H OH H OH H 
 Myricetin OH H OH H H OH OH OH 
 Quercetin OH H OH H H OH OH H 
O-methylated 
flavonols 
Azaleatin OCH3 H OH H H H OH OH 
 Kaempferide OH H OH H H H OCH3 H 
 Isorhamnetin OH H OH H H OCH3 OH H 
 Natsudaidain OCH3 OCH3 OCH3 OCH3 H H OCH3 OCH3 
 Pachypodol OH H OCH3 H H H OH OCH3 
 Rhamnazin OH H OCH3 H H OCH3 OH H 
 Rhamnetin OH H OCH3 H H OH OH H 
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Common substitution patterns of among flavonols OH-groups are OMe-, C-metyl 
(methylation in aromatic carbon) and methylenedioxy groups; C-prenylation; O-
prenylation, furano- and pyranosubstitution, complex cyclosubstitution; aromatic 
substitution; esterification and chlorination (Valant–Vetschera & Wollenweber 2006, p. 618). 
Detailed information of the different substitution is given in Valant-Vetschera and 
Wollenweber (2006, pp. 615- 748). 
 
2.1.2.1 Flavanones  
The number of known flavanones, which are also called dihydroflavones, has more than 
doubled in the last 15 years (Grayer & Veitch 2006, p. 918). Moreover, the linkages in all 
flavanones between aglycones and sugars, as well as between two sugars or a sugar and 
acyl group all have the C-O-C bonding (Grayer & Veitch 2006, p. 952). The general structure 
of flavanones is given in Figure 2 and the trivial names of the most common flavanones are 
described in Table 2. 
 
Table 2. Substituents, their positions and the trivial nomenclature of the most common 
flavanones. 
 
Group Trivial name 5 7 3’ 4’ 5’ 
Flavanones Butin H OH H OH OH 
 Eriodictyol OH OH OH OH H 
 Naringenin OH OH H OH H 
 Pinocembrin OH OH H H H 
O-methylated 
flavanones 
Hesperetin OH OH H OCH3 OH 
 Homoeriodictyol OH OH OCH3 OH H 
 Isosakuranetin OH OH H OCH3 H 
 Sakuranetin OH OCH3 H OH H 
 
There can be two stereo isomeric forms of flavanones because carbon 2 has an 
asymmetric center and the B-ring can be either in the (2S)- or (2R)-configuration. 
Flavanones have also substitution patterns similar to the other flavonoids such as furano-, 
pyranoflavanones, prenylated and benzylated flavanones (Grayer & Veitch 2006, p. 918).  
 
2.1.2.2 Flavones 
Flavones are one of the most common natural phenolic classes of compounds since their 
total number is about 300 (Valant-Vetschera & Wollenweber 2006, p. 619). The backbone 
structure of flavones is shown Figure 2 and their trivial names and the positions of the 
substituents are described in Table 3. 
 
Table 3. Substituents, their positions and the trivial nomenclature of the most common flavones 
Group Trivial 
name 
5 6 7 8 3’ 4’ 5’ 
Flavones Apigenin OH H OH H H OH H 
 Baicalein OH OH OH H H H H 
 Chrysin OH H OH H H H H 
 Luteolin OH H OH H OH OH H 
 Scutellarein OH OH OH H H OH H 
O-methylated 
flavones 
Acacetin OH H OH H H OCH3 H 
 Chrysoeriol OH H OH H OCH3 OH H 
 Tangeritin OCH3 OCH3 OCH3 OCH3 H OCH3 H 
 Wogonin OH H OH OCH3 H H H 
 Nobiletin  OCH3 OCH3 OCH3 OCH3 H OCH3 OCH3 
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The hydroxyl group is found in most flavones on position 5 of the ring A, but also OH 
groups can be observed on position 7 of the ring A and 4’ of the ring B. Glycosylation 
occurs mostly at carbons 5 and 7. In additional methylation and acylation occur on the 
hydroxyl group of the ring B (Tsao & Mc Callum 2010, 133). Different substitution patterns, 
which are mostly same as in flavonols, have been presented as detailed by Valant –
Vetschera and Wollenweber (2006, p.  618). 
 
2.1.2.3 Isoflavonoids  
The isoflavones occur mainly as the glycosides (Wiseman 2006, p. 372) and they have been 
found to have a rather limited distribution in plants, mainly being present in soybeans 
(Tsao & Mc Callum 2010, p. 138). 
Isoflavonoids, such as the soy isoflavones (genistein and daidzein), are nonsteroidal 
estrogen-mimetics called phytoestrogens that have been extensively investigated due to 
their potential health effects (Wiseman 2006, p. 371). The general backbone structure is 
shown in Figure 2 and their commonly known trivial names, substitution positions are 
explained in Table 4. 
 
Table 4. Substituents, their positions and the trivial nomenclature of the most common 
isoflavones. 
 
Group Trivial name 5 7 4’ 5’ 
Isoflavones Daidzein H OH H OH 
 Genistein OH OH H OH 
 Equol H OH OH H 
O-methylated 
isoflavones 
Formononetin H OH OCH3 H 
 Prunetin OH OCH3 OH H 
 Biochanin A OH OH OCH3 H 
 glycitein OCH3 OH OH H 
 Cabruvin H OCH3 OCH3 OCH3 
 
2.1.2.4 Chalcones, dihydrochalcones and aurones  
The compounds of these three classes comprise about 250 chalcones, 91 dihydrochalcones 
and 38 aurones. The chalcones and aurones are best known as the yellow to orange colored 
flower pigment mainly in coropsis and Asteraceae taxa  (Veitch & Grayer 2006, pp. 1003-
1004).  
The chalcone and aurone backbone structures are shown in Figure 2. The difference 
between chalcones and dihydrochalcones can be detected between  and  carbons, in 
which chalcones have doublebond. The backbone of chalcones has a nomenclature that 
follows a semi-systematical form, in this case the structural skeleton is numbered as shown 
in Figure 2. Some examples of trivial names of chalcones and dihydrochalcones as well as 
the substitution positions are explained in Table 5 and aurones in Table 6. The numbering 
of chalcones is different since their nomenclature is semi-systematical, the C3 unit linking 
the A and B-rings is referred to only in terms of carbonyl (’),  and -carbons. However 
the equivalent carbon atoms in the heterocyclic C-ring of other flavonoids are numbered 
together with the rest of the molecule (Veitch & Graver 2006, p. 1005). 
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Table 5. Substituents, their positions and the trivial nomenclature of the most common 
chalcones. 
 
Group Trivial name 2 3 4 2’ 3’ 4’ 6’ 
Chalcones Butein H OH OH OH H OH H 
 Isoliquirigenin OH H OH H H OH H 
 isosalipurpurin H H OH OH H OH OH 
O-methylated 
Chalcones 
echinatin OCH3 H H H OH OH H 
Dihydrochalcones phloretin H H OH OH H OH OH 
O-methylated 
dichalcones 
2’-O-methyl-
phloretin 
H H OH OCH3 H OH OH 
 4’-O-methyl-
phloretin 
H H OH OH H OCH3 OH 
 
Table 6. Substituents, their position and the trivial nomenclature of the most common aurones. 
 
Group Trivial 
name 
4 5 6 7 3’ 4’ 
aurones aureusidin OH H OH H OH OH 
 hispidol H H OH H H OH 
 sulfuretin H H OH H OH OH 
O-methylated 
aurones 
hamiltrone OCH3 OCH3 OCH3 H OH OH 
 leptosidin H H OH OCH3 OH OH 
 
The structure of the chalcone is one of the most diverse groups of flavonoids, forming a 
wide range of dimers, oligomers, Diels-Alder adducts, and conjugates of various kinds. 
However, chalcones play a significant role in biosynthesis, since they are the precursors of 
all other classes of flavonoids. Their occurrence is generally rare and although phloretin 
glycosides and 3-hyrdoxypheloretin glycosides have been detected in some fruits and 
vegetables (Tsao & Mc Callum 2010, p. 138), these classes will be not further discussed here.  
 
2.1.2.5 Anthocyanidins  
Anthocyanidins are flavylium cations which most often exist as chloride salts and they 
confer on plants their distinctive colors (Tsao & Mc Callum 2010, p. 137). The most 
commonly known anthocyanidin trivial names and substitution are described in Table 7 
and the backbone structure is shown in Figure 2. Their colors depend not only on the pH 
values, but they are also dependent of acylation or methylation of the hydroxyl groups of 
rings A and B. The colors vary from red (in very acidic solutions) via purple-blue (in 
intermediate pH conditions) to yellow-green (alkaline conditions) although sometimes they 
can be colorless (Tsao & Mc Callum 2010, 137). 
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Table 7. Substituents, their positions and the trivial nomenclature of the most common 
anthocyanidins. 
 
 
 
 
 
 
2.2 PHYSICOCHEMICAL PROPERTIES 
 
Physicochemical properties and activities of flavonoids are related to the oxidation level of 
the C ring, (double bonds and oxo groups), as well as hydroxylation pattern of the skeleton 
and the extent of glycosylation or methylation of the hydroxyl groups (Hodek 2012, p. 544). 
Almost all flavonoids are phenols, since these compounds have at least one OH-group 
bound to the aromatic sp2 carbon. This phenolic OH-group is the key to the 
physicochemical properties of these compounds, since in the proton bound to the oxygen 
atom is rather acidic, i.e. it has a pKa value approximately 9 and thus it is different from the 
alcohols in which oxygen is bound to sp3 carbon. On the other hand, the OH-group can act 
as either a hydrogen bond donor or acceptor while MeO-groups function only as H-bond 
acceptor. As an example, flavonols have the C-5 OH proton that exists in the strong 
intramolecular hydrogen bond with the OC-4 carbonyl oxygen atom. However as shown in 
Scheme 1, most of the spectroscopic properties, e.g. colors of anthocyanidins can be 
explained based on resonance structures due to oxygen atom lone pair electrons, which are 
conjugated to the aromatic system. In the case of the carbonyl group (C=O) -acceptor 
centre that is adjacent to the ring, due to donor stabilized positive change a reverse -
acceptor will stabilize negative charge. There effects are strongest when substituents and 
the reaction center are located in the ortho or para locations (Isaac 1995, p. 154). The most 
common resonance structures for flavone, flavanone, flavonol, isoflavone and 
anthocyanidin are shown in Scheme 1. Most of these resonance structures have been 
confirmed with NMR spectroscopy (Kontogianni et al. 2013). 
The above mentioned structural features cause the most physicochemical properties that 
affects the propensity of flavonoids to exert antioxidant activity, as well as their metal 
chelation properties, reactivities, acidities and also UV-absorbing capabilities and solubility 
(Rice-Evans et al. 1996). The flavonoids can be classified into two types due to their water 
solubilities: i.e. hydrophilic and nonpolar flavonoids. The hydrophilic flavonoids are highly 
hydroxylated, glycosylated and they include the anthocyanidins, whereas the nonpolar 
flavonoids include the aglycones, methylated and alkylated flavonoids (Hodek 2012, p. 
544).  
 
Group Trivial 
name 
3 5 6 7 3’ 4’ 5’ 
Anthocyanidins Aurantinidin OH OH OH OH H OH H 
 Cyanidin OH OH H OH OH OH H 
 Delphinidin OH OH H OH OH OH OH 
 Pelargonidin OH OH H OH H OH H 
O-methylated 
anthocyanidins 
Malvidin OH OH H OH OCH3 OH OCH3 
 Peonidin OH OH H OH OCH3 OH H 
 Petunidin OH OH H OH OH OH OCH3 
 Europinidin OH OCH3 H OH OCH3 OH OH 
 Rosindini H OH H OCH3 OCH3 OH H 
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Flavanone      Flavone 
                               
  
 
Flavonol     Isoflavonol                       
   
 
Anthocyanidin 
 
Scheme 1. Resonance structures of the different flavonoids. This does not apply to the 
chalcones that do not have this kind of resonance structures. 
 
 
2.2.1 Antioxidant activity 
The antioxidant activity of flavonoids may attributable to the availability of their phenolic 
hydrogens to act as hydrogen donating radical scavengers. An effective antioxidant should 
fulfill two basic requirements: 1) be present in a low concentration relative to the substrate 
to be oxidized and 2) the resulting radical formed after scavenging must be stable to allow 
intramolecular hydrogen bonding on further oxidation (Rice-Evans et al. 1996).  
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The efficiency of flavonoids as antioxidants depends on their flavonoid hydroxylation 
pattern. For this reason, the reduction potentials of flavonoid radicals are lower than those 
of alkyl peroxyl radicals and the superoxide radical. This means that the flavonoids can 
inactivate these oxyl species. The maximum effectiveness for radical scavenging is found 
when the 3-OH group is conjugated with a 2-3 double bond and lies adjacent to the 4-
carbonyl in the C ring. This double bond prevents the delocalization of electrons from the 
radical on the B ring to the A ring (Rice-Evans et al. 1996). 
The strongest antiradical activity has found in compounds, which have an O-dihydroxy 
system in the B-ring (Rice-Evans et al. 1996, Burda & Oleszek 2001, Musialik et al. 2009). 
This can be explained by a substitution location effect that is most active when donating an 
H atom. This accounts for the smaller dissociation energy of the O-H bond and there is 
greater stability of the transient radical involved, since the oxygen-centered unpaired p-
orbital is conjugated with a lone electron pair on the adjacent oxygen atom (Foti et al. 1996, 
Leopoldini et al. 2004). Moreover, the presence of the carbonyl that is conjugated with a 2,3-
double bond in the central ring-C can participate in the stabilization of the radical, which 
increases the antioxidant capabilities of the compound (Foti et al. 1996).  
 
2.2.2 Relation UV-absorption band with flavonoid structure and pH 
UV spectroscopy is the most commonly method used to detect different compounds being 
separated in chromatographic systems. UV- absorption bands are attributable to an electron 
shift from bonding ( or ) of heteroatom non-bonding (free electron pair) orbitals to 
antibonding (* or *) orbitals. While all bonds in compounds affect UV absorption, only 
some of these, called chromophores, are useful in analytical chemistry. Typical 
chromophores are different double bonds (C=C, C=O,...) as are some heteroatom groups, 
such as SH.  
In general, UV spectroscopy is a sensitive method for the detection of compounds even 
at M concentrations but it is a poor method if one wishes to define a compound’s structure 
based since this is difficult to derive from the on UV spectrum. In the case of flavonoids, 
UV detection is based on aromatic rings and their conjugation with other double bond 
systems that are shown in Scheme 1. 
Flavanones have lower antioxidant activities than the flavones and flavonols. This can be 
explained by the linkage between the saturated A- and B-ring, i.e. flavanones lack 
saturation in the heterocyclic C-ring and they do not possess the OH-group present in 
flavonols. The same phenomenon affects also the UV characteristics of the flavanone, which 
show a very strong maximum between 270 and 295 nm. 
The color of anthocyanins depends on the pH-sensitive absorption (color) transitions 
(Hodek 2012, p. 544), and the color varies according to the number and position of the 
hydroxyl groups (Rive-Evans et al. 1996). Acid-base equilibria have a strong effect on the 
UV-VIS spectra of phenols and flavonoids, this being due to the considerable changes of the 
band shapes and intensities with changing pH values. Even small changes in the 
protonation status of any OH group are accompanied by major increases or decreases in the 
intensity and isosbestic points of the bands (Musialik et al. 2009). 
Musialik et al. (2009) summarized the order of investigated flavonoids in terms of 
increasing acidity: 3-hydroxyflavone < 3,6-dihydroxyflavone ≈ 6-hydroxyflavone < 
3,5,7,3′,4′-pentahydroxyflavone (quercetin) < 5,7-dihydroxyflavone (chrisin) < 7-
hydroxyflavone ≈ 3,5,7-trihydroxyflavone (galangin) < 7,8-dihydroxyflavone < 5,7,4′-
trihydroxyflavone (naringenin) < 3,5,7,2′,4′-pentahydroxyflavone (morin). They concluded 
that 1) the formation of an intramolecular hydrogen bond causes a decrease in the acidity of 
the OH group to act as a HB-donor (5-OH and 3-OH), 2) the acidity of the OH group to act 
as a HB-acceptor in the catechol group does not significantly increase in comparison to that 
of a non-H-bonded group (acidity of 7,8-dihydroxyflavone is almost the same as the acidity 
of 7-hydroxyflavone; the acidity of the 3′,4′- dihydroxyl group is not stronger than the 
10 
 
 
acidity of the 7-OH in quercetin), 3) with the exception of morin, the 7-OH group is the 
most acidic site in all of the tested flavonoids, and the presence of other hydroxyls in 
positions 3, 5, and 6 does not significantly change the acidity of the 7-OH group (Musialik  
et al. 2009).  
The abovementioned phenomena are easily explained by examining the resonance 
structures shown below (Scheme 2) in the case of the C=O group at the C-4 position as the 
similarities of the resonance structures explain the acidity of the 7-OH group in 
anthocyanidins. 
 
 
Scheme 2. OH-group donor effect on C=O group. The keto group of anthocyanidin can also have 
a negative charge. 
 
The ability of flavonoids to react quickly and efficiently with electron-deficient radicals 
such as peroxyls depends on the acidity of phenolic hydroxyl groups and on the stability of 
the radical formed. Several factors have been observed to affect the reaction rate such as 
acidity, polarity of the medium, ionization potentials of phenol anions, ability of a 
flavonoid to act as a hydrogen bond donor (as well as the ability of a solvent to be an HB 
acceptor). This cannot be described by the simple rule “the more acidic the flavonoid, the 
more active it will be as a radical scavenger”. However it has been claimed that the role of 
phenol acidity should attract greater attention (Musialik et al. 2009). 
 
2.2.3 Solubility 
Flavonoids are hydrophobic aromatic compounds, which have low solubility in water (Foti 
et al. 1996, Chebil et al. 2007), being about 0.01 g/L at 20 °C (10 ppm) for quercetin. The 
solubility is also dependent on the pH (Tommiasini et al. 2004) so that flavonoids become 
more water-soluble when the level of hydroxylation is increased. Hydrophobicity increases 
in a similar manner, as the number of methoxyl groups is increased (Dugas et al. 2000). No 
correlation has been observed between the hydrophobicity and the solubility on organic 
solvent, but solubility is influenced by temperature (Chebil et al. 2009). 
2.3 STRUCTURAL VARIATION OF FLAVONOIDS 
Flavonoids may occur in plants in a variety of modified forms corresponding to additional 
hydroxylation, methylation and most importantly glycosylation. Commonly flavonoids 
occur as flavonoid O-glycosides, in which one or more of the hydroxyl groups of the 
aglycone have been glycosylated. In O-glycosides, sugar forms an acid labile glycosidic O-C 
bond, this being favored at certain positions as shown in table 8. However, 5-O-glycosides 
are rarely present in compounds with a carbonyl group at position 4, since the 5-hydroxyl 
group participates in a hydrogen bond with the adjacent carbonyl group at position C-4 
(Abad-Garcia et al. 2009a, Cuyckens & Claeys 2004).  
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Table 8. The most common O-glycosylation positions of the flavonoids. 
 
 
 
 
 
In addition, glycosylation may take place through direct linkage between the sugar and 
flavonoid aromatic carbon to form C-glycosides, via an acid-resistant C-C bond (Abad-
Garcia et al. 2009a). The main difference in practical terms is that O-sugars can be cleaved 
by acid hydrolysis but not the C-sugars (Markham 1989, pp. 197-235). Flavonoid C-
glycosides are commonly further divided into mono-C-glycosyl-, di-C-glycosyl and O,C-
diglycosyl flavonoids. The C-glycosylation position is found only at C6 and/or C8 for the 
flavonoids (Abad-Garcia et al. 2009a, Niessen 2006, p. 414). 
Glucose is the most common sugar present in flavonoids, but it is also possible to detect 
galactose, rhamnose, xylose and arabinose, with mannose, fructose and gluronic and 
galacturonic acids being more rare (Abad-Garcia et al. 2009a, Iwashina 2000). In addition, 
disaccharides are commonly found, i.e. rutinose and neohesperidose, as well as 
occasionally tri- and tetrasaccharides (Abad-Garcia et al. 2009a). 
Even though hydroxylation and methylation are the most common modification forms 
for flavonoids, occasionally also aromatic and aliphatic acids (Ferreres et al. 2011), sulfate, 
prenyl (Chopra et al. 2013), isoprenyl (Chopra et al. 2013) or methylenedioxyl (Simonsen et 
al. 2002) groups are attached to the flavonoid backbone or to their glycosides (Figure 3) 
(Cuyckens & Clayes 2004, Stobiecki & Kachlicki 2006). 
 
Figure 3. Some examples of uncommon derivates of the flavonoids. 
 
 
 
Group 3-hydroxyl 7-hydroxyl 5-hydroxyl 
Flavones  x  
Flavanones  x  
Flavonols x x  
Flavan-3-ols x x  
Isoflavones  x  
Anthocyanidins x  x 
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2.4 OCCURRENCE OF FLAVONOIDS 
The expression of the flavonoids that are present in the plants is determined by a 
complicated system i.e. there are genetically controlled enzymes regulating their synthesis 
as well as their distribution in the plant organism. Their biosynthesis is shown in Scheme 3. 
The flavonoid content is strongly influenced by many external factors such as variations in 
plant type and growth circumstances, seasonal variation, light, climate and degree of 
ripeness (Aherne & O’Brien 2002). 
The presence of sunlight stimulates the biosynthesis of the flavonoids, and thus their 
concentration is maximal in external and/or aerial tissues. It has been observed that the 
pattern of flavonoid glycosides can differ even within plant leave tissues and the epidermal 
cells may contain different glycosides from the mesophyll cells. In particular, different 
varieties of the same plant species can display large differences in their flavonoid contents 
(Aherne & O’Brien 2002, Crozier et al. 1997, Stewart et al. 2000). 
Significant variation (3-5 times) in flavonoid concentrations is attributable to seasonal 
influences, particularly in leafy vegetables such as lettuce and leek (Hertog et al. 1992). An 
increase in light exposure, especially to ultraviolet-B-rays, has a tendency to cause the 
accumulation of flavonoids (Stewart et al. 2000). In additional, temperature has a marked 
effect on the anthocyanin levels (Soleas et al. 1997). Furthermore the level of flavonoids 
glucosides in berries was shown to increase significantly during berry ripening (Vuorinen 
et al. 2000). 
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2.5 Analysis of flavonoids 
Flavonoids have been analyzed traditionally by HPLC-UV with diode array detection 
(Marston & Hostettmann 2006, 4, Vågen & Slimestad 2008, Olsson et al. 2010). However, 
mass spectrometry now being used as it is one of the most sensitive and effective analyzing 
methods. Electron impact (EI) ionization has been used to characterize the flavonoids 
(Hedin & Phillips 1992), but nowadays mass spectrometry with soft ionization techniques 
such as electrospray ionization (ESI) and atmospheric pressure ionization (API), where 
solvent elimination and ionization take place at atmospheric pressure (Korfmacher 2005), 
are considered to be excellent methods (Bonaccorsi et al. 2008, Davis & Brodbelt 2004, Wu 
et al. 2013). Atmospheric pressure chemical ionization (APCI) is preferable for the low and 
moderate polarity compounds while ESI is most widely used for analysis of polar 
molecules, such as small polar natural products (Wu et al. 2013, Herderich et al. 1997).  
 
2.5.1 High-performance liquid chromatography 
HPLC is an analytical method that is used for the separation of compound from the 
mixture. The separation is based on their interaction with a stationary phase. In general, an 
HPLC step is used in about 80% of all flavonoid isolations, and approximately 95% of the 
reported applications are achieved with octodecylsilyl stationary phases. Analytical HPLC 
is used in the quantitative determination of plant constituents, in the purity control of 
natural products and in chemotaxonomic investigations. For these purposes, the analytical 
HPLC has to be optimized for the subclass of flavonoids, i.e. one needs to choose the best 
conditions such as the stationary phase, solvent and gradient for each particular sample 
type (Marston & Hostettmann 2006, pp. 4-5). Improvements in instrumentation, packing 
materials and columns have made the HPLC technique more and more attractive in 
analytical chemistry. One of the primary reasons for the popularity of HPLC technique has 
been the evolution of column packing materials, which enable ever more effective 
separation of compounds (Swarts 2005). 
2.5.1.1 Columns and eluents 
Columns lie at the heart of the HPLC system; this is where the separation takes place. In 
most cases, reversed-phase chromatography (RPC) and columns are used in flavonoid 
analysis, due to the fact that the RPC stationary phase (inert support of the column e.g. C18 
chain) is less polar than the mobile phase (solvent e.g. methanol) (Meyer 2010, p. 173). The 
selection of the chemistry of the column’s packing is based on the material considered most 
appropriate for the procedure. Thus, physical properties of the column have to take into 
account many factors such as particle size and dimensions of the column (Stecher et al. 
2002). When conducting analytical protocols, the columns’ i.d. values 2-5 mm, with wider 
column (i.d. 10- 25.4 mm) being used for preparative work (Meyer 2010, pp. 117-118).  
In RPC-HPLC, the column is packed typically with silica-C18H37 particles which act as a 
non-polar retaining stationary phase (Allwood & Goodacre 2010). In many studies, 
comparing the properties of the RP columns (Cuyckens & Claeys 2002, Crozier et al. 1997), 
differences have been found in the quality of the separation between free and conjugated 
flavonoids (Crozier et al. 1997). Overall in RP-HPLC octadecylsilane (ODS) or C18 products 
are undoubtedly the most widely used in phytochemical analysis due to their chemical and 
physical properties (Marston & Hostettmann 2006, p. 13, Wu et al. 2013). Virtually all 
separations are performed on RP-18 columns that are from 100 to 300 mm in length and 
usually a 2-5 mm as internal diameter. Granulometries vary from 3 to 10 m, with most 
being 5 m (Marston & Hostettmann 2006, p. 14).  Table 9 describes the most widely used 
columns from the literature. The use of the smaller particle size in columns packing 
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material, has improved efficiency, such as increased speed, superior resolution and 
sensitivity, details are given by Swartz (2005). 
Elution systems are usually binary, i.e. they have an aqueous acidified polar solvent (A) 
and a less polar organic solvent such as methanol or acetonitrile (Merken & Beecher 2000). 
Occasionally also other solvents have been used such as tetrahyrdofuran, isopropanol or n-
propanol (Marston & Hostettmann 2006, p. 13). The increasing organic composition 
prevents peak broadening and flattening as well as any reducing peak tailing effect 
(Allwood & Goodarce 2010). The selection of the organic eluent also affects the efficiency 
and retention, for example flavonoid glycosides elute much lower concentrations of 
acetonitrile (15-30%) than in methanol (25-55%) from both C8 and C18 RP-phase (Cuyckens 
& Clayes 2002, de Rijke et al. 2003). Acid modifiers need to be included to suppress the 
ionization of phenolic hydroxyl as well as silica hydroxyl groups, in order to obtain sharper 
peaks with less tailing (Marston & Hostettmann 2006, 13). Acidification also achieves faster 
retention and better separation on the C8- and C18-RP columns. In LC/MS systems, the 
eluent has to have suitable volatility thus formic acetic, trifluoroacetic and ammonium 
acetate and formate are commonly used. Comparative studies have revealed the lowest 
detection limits in the positive mode at a concentration 0.5% formic acid. Trifluoroacetic 
acid decreases the sensitivity due to its strong ion-pairing effect, whereas acetic acid 
increases the sensitivity, because of the weak ion-pairing capacity (Cuyckens & Clayes 
2002, Cuyckens & Clayes 2004). 
In the case of the anthocyanins, which exist in solution in a variety of structural forms in 
equilibrium, depending on the pH and temperature, it is essential to control the pH of the 
mobile phase and to work with thermostatically controlled columns during the HPLC run 
(Marston & Hostettmann 2006, p. 14). HPLC runs are generally last a maximum of one 
hour, with equilibration between runs. Generally the flow rate are in the range 1.0-1.5 
mL/min but the injections can vary from 1 to 100 ml. Thermostatically controlled columns 
are normally kept at ambient temperatures for flavonoids but in the case of anthocyanins 
slightly higher than ambient temperature is used (Merken & Beecher 2000).  
16 
 
 
Table 9. Most widely cited publications and their columns used with the eluent between 2010-
2013. 
 
Sample Compounds Column LC eluent Reference 
Berries: red & 
black currant, 
blueberry etc. 
Flavonol- and 
anthocyanidin-
glycoside 
HPLC-PDA-MS 
(250x 4.6 mm i.d. 4 m) 
Synergi RP-Max  
Gradient of 5-25 % 
acetonitrile in 1% 
aqueous formic acid 
Borges 
2010 
Fresh matured 
leaves from 
Lotus  
polyphenolic 
compounds 
HPLC-DAD-ESI-MS  (150 
x 4.6 mm i.d. 3 m) RP 
C18 Aberdeen 
Linear gradient: water 
with 1% acetic acid 
(A), acetonitrile (B) 
Huang et 
al. 2010 
Strawberry 
cultivars 
i.e. flavonols, 
anthocyanins, 
phenolic acids 
HPLC-DAD, HPLC-MS2 
(250 x 4 mm i.d. 5 μm) 
RP LiChrocart C18  
Linear gradient: water 
in formic acid 
(95:5v:v) (A), 
methanol (B)  
Buendia et 
al. 2010 
onions Flavonols, 
anthocyanins 
HPLC-DAD                
(150 x 4.6 mm i.d. 5 
m) Water Symmetry 
C18 
Gradient: 5% formic 
acid in water (A), 
methanol (B) 
Rodrigues 
et al. 2011 
Muscadine 
grapes; seeds, 
skin, and pulp  
i.e. flavonols,  
ellagitannins, 
anthocyanidin 
HPLC-DAD-ESI-MSn (250 
x 4.6 mm i.d. 5 m) 
Zorbax Stablebond SB-
C18  
Linear gradient: 0.5% 
formic acid in water 
(A), methanol (B) 
Sandhu & 
Gu 2010 
rosemary, 
oregano, sage, 
basil, and 
thyme 
i.e. flavonols, 
flavones, 
phenolic acids 
HPLC:ESI-MS-MS     
(100 x 2.1 mm i.d. 3 
μm) Atlantis T3 C18   
Gradient: 0.5% water 
in formic acid (A), 
0.5% formic acid in 
50:50 v/v acetonitrile/  
methanol (B). 
Hossain et 
al. 2010 
 
Ginkgo biloba flavonols HPLC-PDA-MS                          
(250 x 4.6 i.d. 5 m) 
Symmetry C18  
Mobile phase: 
methanol–water (1:1, 
v/v) 
Chen et al. 
2011 
honeys Phenolic acids 
flavonols 
HPLC-DAD-ESI-MS-MS                   
(250 x 4 mm i.d. 5 m), 
C-18 LiChroCART 
 
Gradient: H2O/formic 
acid 99:1, v/v (A), 
methanol/isopropanol 
90:10, v/v (B) 
Alvarez-
Suarez et 
al. 2012 
lotus leaves i.e. flavonols  HPLC- UV-VIS-ESI-MS2               
(150 × 4.6 mm, 3.5 m) 
Waters Sunfire C18  
Gradient: water in 
0.5% formic acid (A),  
acetonitrile in 0.1% 
formic acid (B) 
Chen et al. 
2012 
thyme , salvia 
marjoram; 
leaves 
i.e. phenolic 
acid, flavones 
 HPLC-UV-VIS           
(250 × 4.6 mm i.d. 5 
μm) Zorbax SB-C18  
Gradient: 0.05% 
formic acid in water 
(A), methanol (B) 
Roby et al. 
2013 
 
Radix Scutel- 
lariae 
isoflavones HPLC-UV-VIS            
(250 × 4mm i.d. 5 m) 
LiChrospher C18  
Gradient: acetonitrile 
(A), 0.1% phosphoric 
acid (B) 
Yang et al. 
2013 
 
Rhizoma 
Smilacis 
species 
i.e. 
flavanonols, 
stiblenoids, 
phenolic acids 
HPLC-DAD-MS-MS  (250 
x 4.6mm i.d. 5m) 
Zorbax SB C18  
Linear gradient: 
acetonitrile (A), 0.1% 
acetic acid(B) 
Zhang  Q-F 
et al. 2013 
Flos Lonicerae 
Japonicae 
i.e.  
phenolic acids  
 HPLC-DAD-MS-MS (250 
x 4.6 mm i.d. 5 m) 
Zorbax SB C18 
Linear gradient: 0.1% 
formic acid in water, 
v/v (A), 0.1% formic 
acid in acetonitrile-
methanol 3:1 (B) 
Zhang, J-Y. 
et al. 2013 
 
C. sativa,         
F. ulmaria (L.) 
and R. 
micrantha  
i.e. flavonols, 
phenolic acids 
HPLC-DAD-ESI-MS  (150 
x 4.6 mm i.d. 3 m) 
Waters Spherisorb S3 
ODS-2 C18  
Gradient: 0.1% formic 
acid in water (A), 
acetonitrile(B) 
Barros et 
al. 2013 
 
Moringa 
oleifera L  
polyphenols HPLC -UV-VIS                                 
(150 x 4.6 mm i.d. 5 
m) Hypersil BDS C18  
Gradient: 1% glacial 
acetic acid (A),   
methanol (B) 
Vongsak et 
al. 2013 
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2.5.1.2 Retention time  
The retention time depends on the employed system. If one wishes to separate the neutral 
and ionic compounds then a normal phase is used, whereas the reversed phase can be used 
for almost all organic compounds, except for very hydrophilic (e.g. some sugars) and 
hydrophobic compounds (e.g. long chains hydrocarbons). The retention time is also 
dependent column in use, but some guidelines can be provided. In the RP-System, the most 
polar metabolites elute first; if there is a gradient increase in the mobile phase organic 
composition, then this will increase the retention of non-polar compounds in the column 
and therefore they elute at later retention time (Allwood & Goodacre 2010, Meyer 2010, p. 
8, Snyder et al.  1997, pp. 236-7). This is basis of the rule, “nonpolar compounds are eluted 
later than polar compounds” (Meyer 2010, p. 8).  Flavonoid glycosides are eluted before 
aglycones with these phases, and flavonoids that have more hydroxyl groups are eluted 
before the less substituted analogs (Marston & Hostettmann 2006, 13). Overall, polar 
phenolic compounds elute in the following order: hydroxybenzoic acids, flavan-3-ols, 
hydroxycinnamic acids, coumarins, flavanones, dihydrochalcones, flavonols and flavones. 
Anthocyanidin derivatives elute from RP column in the order delphinidin < cyanidin < 
petunidin < peonidin < malvidin (Crupi et al. 2012).  
The order of elution of the different subclasses can be seen in Figure 4, based on 
Sakakibara et al. (2003) who presented a typical chromatogram of polyphenols with 
retention time differences in his optimized method. 
 
 
Figure 4. Elution order in reverse-HPLC. 
 
The following circumstances can influence the retention time of the same class of 
polyphenol: 1) hydroxyl groups decrease retention times, 2) apolar substituents e.g. 
methoxy group increase retention times, 3) sugar containing polyphenols elute before their 
corresponding aglycones, 4) if a sugar is acylated then the retention time will be increased, 
5) also caffeoylquinic acid and caffeoyltartaric acid elute before their corresponding free 
hydroxycinnamic acids (Abad-García et al. 2009a). 
The retention time is affected by the glycosylation of the polyphenol such as the nature 
of the sugar and the position of the bond and type of bond as shown in Table 10. 
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Table 10. The factors that affect to retention order.  
 
Retention 
order in both 
dimensions 
1 2 3 4 5 6 7 
1 Nature of 
sugar 
di-O-
glycoside 
O-
galactoside 
O-
rutinoside 
O-neo 
hesperidoside 
O-
rhamnoside 
  
2 Same 
position 
in 
glycosyla
tion 
8-C-
glycoside 
6-C-
glycoside 
7-C-
glycoside 
3,7-di-O-
glycoside 
7-O-
glycoside 
4-O-
glycoside 
3-O-
glycoside 
3 Type of 
bond 
C-
glycoside 
O-glycoside      
With respect to the retention time the position of sugar is more important than the nature 
of the sugar and due to this fact the glucosides elute in the following order 8-C, 6-C, 3,7-di-
O-, 7-O-, 4-O- and 3-O-glycosides (Abad-García et al. 2009a). Furthermore, flavone C-
glycosides generally elute before the corresponding O-glycosides, for example apigenin 
glucosides elute in the following order; apigenin-8-C-glucoside, apigenin-7-C-glucoside and 
apigenin-6-C-glucoside, the structures are shown below in Figure 5. 
 
  
  
  
    
      
       
Apigenin-8-C-glycoside  Apigenin-7-C-glycoside  Apigenin-6-C-glycoside 
LogP -0.05   LogP 0.44   LogP -0.05 
 
Figure 5. The effect of the position of the sugar and their LogP values. 
 
Figure 5 reveals also how the pattern can affect the LogP value. Apigenin-7-C-glycoside 
has one OH-group less and is therefore less polar than others that explain their elution 
order. The number of hydrogen bonds accounts for the difference between 8-C, and 6-C-
glycosides. In addition, flavanones elute before their corresponding flavones due to the 
effect of unsaturation between positions 2 and 3 (Marston & Hostettmann 2006, p. 13).  
 
2.5.2 Ultra high performance liquid chromatography (UHPLC) 
The same chromatographic principles and separation mechanism are equally valid in 
HPLC and UHPLC (Novokova et al. 2006).  The basic chromatography theory is the same 
for both techniques. However UHPLC has been modified to tolerate higher pressures, 
lower flow rates and smaller sample sizes. Recent improvements in this technology have 
introduced RP chromatographic protocols with ≤ 2mm particle size with a liquid handling 
system that can operate at much higher pressures than before. At the same time, UHPLC 
offers advantage in terms of resolution, speed, and sensitivity for analytical determination 
when coupled with mass spectrometry (Churchwell et al. 2005). Short column lengths 
reduce sample analysis times, backpressure and solvent consumption (Allwood & 
Goodacre 2012, Glauser et al. 2013, Novokova et al. 2006). These things have been discussed 
in more detail in Churchwell et al. (2005) and Allwood & Goodacre (2012) studies. 
Therefore the separation efficiency is increased without band broadening and the time of 
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analysis is reduced (Xiayan & Legido-Quigley 2008). In addition, new applications have 
been developed using UHPLC-MS/MS to evaluate the chirality of metabolites that may 
have potentially different biological activities. As an example, a method for analyzing the 
(R)- and (S)- enantiomers of hesperidins (3’,5,7-trihydroxy-4-methoxyflavanonen) in human 
plasma and urine was described by Lévèques et al. (2012).  
 
2.5.3 Capillary electrophoresis  
In capillary electrophoresis (CE), the separation is based on electrophoretic mobility of ions 
in an electrophoretic media inside small capillaries. The mobility is mainly dependent on 
three factors: the charge of the molecules, the viscosity and the atom’s radius. (UC Davis 
GeoWiki) CE methods have a high resolution, the ability to analyze a diverse range of 
chemical compounds, and only a small sample volume is needed (Ramautar et al. 2006). 
The method requires only minimal sample preparation and it has good potential to allow 
the analysis of the changed or polar molecules (Theodoris et al. 2011). Other advantages are 
its very low organic solvent consumption and the possibility to use of inexpensive fused-
silica capillaries (Ramautar et al. 2009). However the application of CE in metabolite studies 
is limited due to its poor concentration sensitivity and the inadequate reproducibility of 
migration time (Ullsten et al. 2006). The poor concentration sensitivity is due to the limited 
sample volume and the short optical path length of ultraviolet absorbance, can be improved 
by combining CE with MS (Ramautar et al. 2009). However the on-line combination of CE 
and MS faces several challenging instrumental aspects that have been discussed detailed by 
Huck et al. (2005). 
In capillary electrophoresis, the most widely used modes are capillary zone 
electrophoresis (CZE) and micellar electrokinestic chromatography (MEKC). The separation 
mechanisms of these two CE modes are very different (de Rijke et al. 2006). CZE uses a 
polyacrylamide-coated capillary and reverse polarity is used for profiling of anionic 
metabolites (Ramautar et al. 2009). CZE separation is based on the charged-to mass ratios of 
analysis (Wang et al. 2004).  MEKC analysis is useful for the neutral and cationic 
metabolites (Ramautar et al. 2009). Hydrophobicity is the property that influences the 
partitioning of analytes between the aqueous and the micellar phases. In MEKC the 
separation of ionic analytes is attributable to both the degree of ionization and the degree of 
hydrophobicity (de Rijke et al. 2006). In MECK, separation selectivity has found to be better 
for flavonoids since their electrophoretic behavior is affected by 1) the degree of saturation, 
2) the stereochemistry of the C-ring, 3) alkylsubstitution, 4) the number and position of 
phenolic hydroxy groups, methylation, glycosylation of the hydroxy groups, and 5) the 
complexation of flavonoids with the borate buffer (Wang et al. 2004). There are rather few 
publications in the literature about CE-MS being used for flavonoids and phenolic acids 
analysis. Chiral separation of diastereomeric flavonoids has also been described by Gel-
Moreto et al. (2001) and Wistuba et al. (2006). 
 
2.5.4 Thin-layer chromatography  
Thin-layer chromatography (TLC) has been used in flavonoid analysis since the early 1960s 
(de Rijke et al. 2006) mostly for the rapid screening of plants in a qualitative or 
semiqualitative manner. Generally quantification is not the main goal of TLC studies, 
although this can be achieved with high performance thin layer chromatography (Sherma 
2002). TLC normally employs capillary force to drive the mobile phase through the layer 
(Poole 2003). 
Detection in TLC is based on natural color, fluorescence or UV absorption of separated 
zones or in the use of different universal or selective chemical or biological detection 
reagents (Sherma 2002, 2004). It is most common to use UV-light at 350-365 or 250-260 nm 
or with densitometry at the same wavelengths (de Rijke et al. 2006). A number of detection 
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methods and reagents can be used in sequence in a single layer to increase the amount of 
information obtained. The preliminary identification is based on the correspondence of Rf 
values and the detection characteristics between sample and standard zones that must be 
confirmed by other evidence such as off- or on-line coupling of TLC with spectrometric 
methods (Sherma 2002, 2004). In addition TLC can be combined with Fourier transform 
infrared spectrometry, TLC-surface-enhanced Raman spectrometry, fluorescence line-
narrowing spectrometry and other liquid chromatography techniques as well as mass 
spectrometry (MS) (Poole 2003, Sherma 2002, 2004). 
The benefit of this method is that cruder samples, with minimal purification, can often be 
analyzed simultaneously (de Rijke et al. 2006), because 1) single use of the stationary phase 
minimizes sample preparation, 2) parallel separation enhances sample throughput, 3) ease 
of post-chromatographic derivatization improves method selectivity and specificity and 4) 
several screening protocols for different analytes can be carried out simultaneously (Poole 
2003).  
2.6 IDENTIFICATION OF FLAVONOIDS 
2.6.1 Ultraviolet-visible spectrometry (UV-VIS) 
UV-VIS uses light absorption in the UV and in the visible ranges (from 200 to 800nm), 
which represents the inherent color of the chemicals. Traditionally UV-VIS absorption has 
been used for the identification of the flavonoids, especially routinely for “colorful” 
anthocyanins. Absorbance maxima, which represent a suitable compromise, are dependent 
on configuration, substituents, pH etc. meaning that there is no single UV wavelength that 
is ideal for all different types of flavonoids (Marston & Hostettmann 2006, pp. 16-17). 
Flavonoids display characteristic UV-VIS spectra, which have two absorbance bands. 
The first band is found between 300-380 nm is due to the ring B (Band I) and the second 
band is found at 240-280 nm, which represents ring C (Band II). Absorption is much the 
same in all subgroups of flavonoids, because this type of absorption involves the A-ring 
benzoyl system (Abad-García et al. 2009a). For flavanones and dihydroflavonols, it is 
typical that the main peak is band II, but these subgroups cannot be differentiated by UV-
VIS spectra. Flavonols do not have any specific wavelengths between 270-290 nm, which 
means that it is not possible to have identification (Tsimogiannis et al. 2007).  
In the 1980s when diode array technology (DAD) became available, the LC-UV 
possibilities have been increased. LC with UV-DAD enables simultaneous recording of 
chromatograms at different wavelengths. It may be possible to identify the compound 
subclass or sometimes even the compound itself from the UV spectrum. This improves also 
the options when attempting to quantify the compounds since detection can be achieved at 
the wavelength maximum of the compound in question, typically for flavonol and flavones 
this is found at 270 and 330-365 nm (Table 11) (Marston & Hostettmann 2006, pp. 16-17, 
Abad-García et al. 2009a). 
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Table 11. Used UV-VIS absorbance wavelengths (nm) of the different type of flavonoids, 
according to different references. 
 
 Band I Band II reference 
Flavonoid  300-380 240-280 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Flavones 310-350  Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 300-380 240-280 Abad-Garcia et al. 2009a 
 339-350 261-279 Abad-Garcia et al. 2009a 
 347-355 253-272 de Rijke et al. 2006 
Flavonols 350-385 250-290 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 330-365 270 Abad-Garcia et al. 2009a 
 300-380 240-280 Abad-Garcia et al. 2009a 
 360-380 250-263 de Rijke et al. 2006 
Dihydroflavonol 300-330 277-295 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Flavanones 300-330 277-295 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 330 290 Abad-Garcia et al. 2009a 
 325-330 284-289 de Rijke et el. 2006 
Flavanonols 342-290 218-295 de Rijke et al. 2006 
Flavanols  270-290 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Isoflavones  236 or 260 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 302-328 249-260 de Rijke et al. 2006 
Chalcones 340-360  Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Dihydrochalcones  280 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Anthocyanidins 502 520-545 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 520-545 272-285 Abad-Garcia et al. 2009a 
Catechins  210 or 280 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
Flavan-3-ols  269-279 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
  225-290 de Rijke et al. 2006 
Flavanol-3-glucosides 347-370 250-267 Marston & Hostettmann 2006, p. 17; 
Tsimogiannis et al. 2007 
 347-370 250-267 Abad-Garcia et al. 2009a 
 
The compound’s substitution pattern of A- and B-rings affects the UV-Vis spectra. For 
example, hydroxyl groups in these rings cause a bathochromic shift of band I or II, whereas 
methylation of hydroxyl groups decreases this effect, especially if the substitutions are in 
position 4’. Methylation can also influence the elution order due to the decrease of polarity 
of the methoxylated flavonoids (Abad-García et al. 2009a). 
O- and C-glycosylation do not cause any shift effect on UV-VIS spectra if it occurs in the 
A-ring, but in the B-ring case it will cause shifts on band I to lower wavelengths. However, 
the detection of glycosylation or differences in the type of glycosylation (O-, C- or O-,C-) are 
difficult to detect with only the UV-VIS spectra (Abad-García et al. 2009a). Since those 
saturated substituents have no effect on the flavonoid’s backbone aromatic ring 
conjugation. UV-VIS spectra could be used for identification of the compound by 
comparing the retention time and UV spectra with authentic samples. However, this might 
lead to wrong conclusions if there are closely related structures (Marston & Hostettmann 
2006, p. 17). Additionally, acyl substituents absorb in the same UV region as the 
chromophore group of the aglycones, so that their contribution to UV-visible spectrum is 
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not very clear and thus this cannot be considered as a good tool for structural identification 
(Adad-Garcia et al. 2009a). Most glycosides and acyl residues are poor chromophores, 
therefore no further differentiation can be achieved with UV-DAD detection (de Rijke et al. 
2006). 
 
2.6.2 NMR  
Nuclear magnetic resonance (NMR) is an excellent research technique to simultaneously 
identify and quantify the known compounds from a mixture of compounds or for the 
assignment of the chemical structures of unknown compounds. By using high field NMR 
techniques e.g. two dimensional proton carbon correlation (HSQC) methods, the structure 
assignment of unknown compounds is even possible from mixtures, but it is far more 
straightforward when compounds are isolated and purified. (Pinheiro & Justino 2012, 
Tiitto-Julkunen 2014) 
The main limitation to using NMR techniques is its lack of sensitivity (Wolfender et al. 
2003), which restricts its possibility for analyzing compounds present at low concentration. 
Typically about 100 l of sample is needed where the concentrations of the studied 
compounds are at the mg/ml (mM) level. The improvements in magnet strengths (up to 1 
GHz) and novel cryoprobe techniques have made it possible to characterize compounds 
even at g/ml (M) levels without difficulties (Tiitto-Julkunen 2014). The other limitation is 
that unfortunately, NMR still remains a very expensive detector. (Wolfender et al. 1997) 
The most important measurements are 1H and the 13C NMR experiments that are aimed 
at the determination of the number of chemically different hydrogens and carbons in the 
molecule. The 1 , spin-spin coupling (J) and 
peak volume data (integrals), which are used simultaneously for identification and 
quantification (Claridge 2009, p. 7, Fossen & Andersen 2006, pp. 40-42, Pinheiro & Justino 
2012). Quantification requires that the sample is totally soluble in a deuterated solvent, the 
amount of reference standard is roughly at the same level as compounds to be quantified, 
the relaxation delay between measurement, pulses is enough long (≥ 40 s), amount of 
biomacromolecules (e.g. proteins) are minimized and after measurement, the spectrum is 
well prepared for quantification e.g. lines are symmetrical and baseline is straight (Soininen 
et al. 2012). 
In the case of 13C NMR spectroscopy, only chemical shift information and sometimes 
peak intensity data are used in compound identification. The quantification of compound 
based on 13C NMR data can be challenging since peak height is mostly dependent on 
relaxation time, which may vary from ms to minutes. This is the reason, why the 13C NMR 
spectrum is used mostly to establish the type of groups present in the sample molecules 
(Claridge 2009, pp.  7-8, Fossen & Andersen 2006, p. 42, Pinheiro & Justino 2012). The 
sample amount required for good quality 13C NMR spectra is about ten times that needed 
for 1H NMR spectra, and typically 100-1000 more scans are needed in order to attain good 
quality 13C NMR spectra, because the natural abundance of NMR active 13C isotope is low 
(1.108%) compared to 1H (100%). 
The accurate location of each magnetically active (1H, 13C) nucleus in comparison to the 
others is determined in 2D NMR experiments (Pinheiro & Justino 2012): The most common 
experiments are 1) 1H-1H COSY (correlation spectroscopy), which determine the protons 
next to each other in the structure, 2) 1H-13C HSQC (heteronuclear single quantum 
coherence) detects direct one bond correlations between 1H and 13C NMR chemical shifts 
(no correlation is observed for heteroatom bound protons) and 1H-13C HMBC 
(heteronuclear multiple bond correlation) is able to map out 2-4 bond correlation between 
1H and 13C NMR chemical shifts including also a correlation to heteroatom bound protons 
(e.g. O-H).  In addition, the NOESY (nuclear overhauser enhancement spectroscopy) 
experiment is useful to detect protons and functional groups spatially next to each other for 
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dimeric flavonoids and flavone C-glycosides (Fossen & Andersen 2006, pp. 42-46, Tiitto-
Julkunen 2014). In recent years flavonoid identification has been improved due to the 
appearance of new 2D and 3D NMR equipment and cryoprobe techniques in high field 
instruments (Fossen & Andersen 2006, p. 49, Tiitto-Julkunen 2014). 
2.6.2.1 Liquid-Chromatography-NMR  
In a modern LC-NMR system a high-resolution NMR instrument (400-800 MHz) with LC-
NMR flow probe is connected to the HPLC system (Wolfender et al. 2001). This may be able 
to clarify the molecular structures of compounds in mixtures in an on-line manner (Fossen 
& Andersen 2006, p. 50). LC-NMR is mainly used as a second step to obtain a more detailed 
structural knowledge of the compounds. The combination of metabolite profiling and LC-
bioassays provides the possibility of differentiating between known bioactive compounds 
and new molecules directly in crude plant extracts (Wolfender et al. 2003). 
One of the main problems of this technique is its inherent lack of sensitivity which 
renders the on-flow measurements of minor products impossible and which hampers the 
direct observation of 13C NMR resonances even for the main constituents of the a crude 
plant extract. The difficulty of accessing 13C NMR information, which represents an 
important element for natural product identification, is probably the largest obstruction 
hindering the wider use of LC-NMR (Wolfender et al. 2003). Another problem is solvent 
signal(s), which have to be removed before other compounds of interest can be analyzed. 
The problem in solvent suppression is that also signals under the solvent peak will be lost 
and peak intensities nearby a suppressed position will be reduced. One possible solution to 
avoid this problem is to analyze samples in two different solvent systems (Wolfender et al. 
2001, 2003).  
Even if LC-NMR has proven to be very effective in obtaining 1D NMR spectra from both 
flowing and non-flowing samples, as well as 2D NMR spectra from stop-flow samples, it 
has not yet made a real breakthrough in phytochemical analysis. NMR still remains a rather 
insensitive detection method in comparison with to UV or MS spectroscopy. Consequently, 
in its continuous on-line mode, NMR is still limited to the characterization of the major 
constituents of crude plant extracts (Wolfender et al. 1997). 
Moreover, NMR techniques can also be used for non-target analyses of plant extracts to 
help to find distinctive changes in the metabolomic profile caused by different treatment or 
origin of plants (Ignat et al. 2011) or mapping out total amounts of different classes of 
organic molecules, such as aldehydes, aromatic compounds, carbohydrates, organic acids 
and amino acids e.g. from onion juice. The developed constrained total-line-shape CTLS 
approach helps to minimize problems arising from signal overlap, chemical shift variations 
and spectral artifacts, including also protein background (Soininen et al. 2012). In the case 
of CTLS, prior knowledge is used to create spectral structures that can be incorporated into 
the fitting algorithm. The multiplet structures (the relative positions and intensities of the 
signals), can be obtained by measuring a single component spectrum and performing the 
CTLS fitting on pure component multiplets, much as described elsewhere (Crockford et al. 
2005, Weljie et al. 2006). However, in CTLS fitting, the structures are defined by the 
program as line positions and intensities or constraints instead of as prefit line shape 
curves. These spectral parameters are then iterated, enabling the CTLS algorithm to 
automatically adapt to small changes in the line positions and intensities and, furthermore 
also to identify baseline differences. This approach is also suitable for signals which do not 
obey any strict rules arising from the spin system. For example, lipoprotein sub-fraction 
signals can be treated in this way (Ala-Korpela et al. 2007). However, the CTLS method is 
also insensitive for flavonoids, due to their low concentrations in plants.  
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Vacuum 
2.6.4 Mass spectrometry (MS) 
Mass spectrometry is an analytical method, which allows the determination of the mass 
formula and structure. With mass spectrometry, individual molecules can be measured 
based on their molecular peak (m/z) and characteristics spectra of fragment ions. These 
fragments often provide a clue to the molecule’s structure, but without a reference 
compound, the difficulty of making an identification increases markedly. The complex 
fragmentation makes it possible to use mass spectra as ”fingerprints” for identifying 
compounds. With respect to the simple organic compounds, the most stable molecular ions 
are those from aromatic rings, other conjugated -electron systems and cycloalkenes. The 
presence of the functional group, particularly one having a heteroatom Y with non-bonding 
valence electrons (e.g. O, N, S) can dramatically alter the fragmentation pattern of a 
compound. It is easier to remove a non-bonding electron than one that is part of covalent 
bond (UC davis ChemWiki). 
2.6.4.1 Introduction 
MS instruments are consist of three components; an ionization source, the mass analyzer 
and a detector (Figure 6). In the ionization source, the molecules are endowed with an 
electrical charge by removing an electron or by adding a proton. The ionization depends on 
the ionization method and ionization mode. The mass analyzer separates the molecules 
or/and fragments according to their masses and the detector detects and quantifies the 
separated ions.  The formation and manipulation must be conducted in a vacuum, because 
the ions are very reactive and short-lived (UC david ChemiWiki). 
 
 
 
Figure 6. The scheme of the ms analysis. 
 
Mass spectrometry is an important tool for the identification and structural 
determination of flavonoids and their glycosides. The characteristic features of MS are to 
use different physical principles, i.e. ionization and separation of the ions, which are 
generated according to their mass (m) to charge (z) ratio (m/z) (Stobiecki 2000). 
In ESI and chemical ionization (CI), it is required that the sample is in the gas phase and 
the hydroxyl groups are derivatized. Fast atom bombardment (FAB) was first used in the 
early 80s, in this technique the sample is dissolved in a high boiling solvent. These 
techniques generate intense molecular ion species. Molecular mass information alone is not 
sufficient for the on-line structure determination of natural products allowing univocal 
assignment of the structure of an unknown compound (Stobiecki 2000).  
Complementary information about the fragment can be generated by tandem MS with 
collision-induced dissociation (CID), which is necessary for a partial on-line identification 
(Stobiecki 2000, Wolfender et al. 2000, Waridel et al. 2001, Cuyckens & Clayes 2004, Abad-
sample 
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mass 
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m/z 
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Garcia et al. 2009a). In the generation of the fragment ions, low energy CID MS/MS spectra 
can be produced by different means: 1) a collision can be generated in the API source by 
adjusting the lens potential of the ion source without parent ion isolation to yield in-source 
CID spectra or 2) selected precursor ions can be specifically isolated e.g. on ion trap 
analyzers to generate CID MS/MS or multiple stage MSn spectra (Wolfender et al. 2000). 
However, in ESI, fragmentation may be observed also without tandem MS. 
Currently the mild ionization techniques, such as atmospheric pressure chemical 
ionization (APCI) and ESI combined with liquid chromatography are the most popular 
ionization methods. The advances in API sources have made this technique more sensitive 
and easier for work (Waridel et al. 2001). The mechanisms of ionization are based on 
different physico-chemical effects. In ESI, ions are preformed in solution which is essential 
for the next steps of ion formation in the gas phase, while in the case of APCI, the molecules 
have to be vaporized into the gas phase (Stobiecki 2000).  
Fragmentation is induced in one of the vacuum regions of the ion passageway from the 
source to the mass analyzer (Marston & Hostettmann 2006, p. 21). An increase in cone 
voltage reduces the incidence of both adduct and complex formation (Cuyckens & Clayes 
2004). In the case, when the absolute value of the fragmentor voltage is increased, more 
fragment ions with increasing signal intensities will appear, which reveals that simple mass 
spectrometric behavior is clearly different for the individual compounds (Abranko et al. 
2011). In particular, an ion-trap mass spectrometer has the unique capability of producing 
MSn data, which can be beneficial when obtaining structural information (Korfmacher 
2005). 
Fragmentation pathways are largely independent of the ionization mode and the type of 
analyzer that is being used. Several publications have conducted comparisons of the 
different ionization methods (de Rijke et al. 2003, Rauha et al. 2001, Waridel et al. 2001) and 
different ionization modes (de Rijke et al. 2003, Hughes et al. 2001, Rauha et al. 2001). The 
main conclusion in most studies is that MS-MS spectra recorded on ion-trap and triple-
quadrupole instruments in general indicate that the same fragmentation reactions are being 
observed, even though there are differences in the relative abundance of fragment ions and 
adducts (Wolfender et al. 2000). Therefore direct comparison of spectra obtained with these 
instruments is permissible (de Rijke et al. 2003).  
Structural information can be used to determine molecular mass and to establish the 
distribution of substituents between the A- and B-rings. A careful study of fragmentation 
patterns can also be particular value in the determination of the nature and site of 
attachment of the sugars in O- and C-glycosides (Marston & Hostettmann 2006, p. 20). All 
in all, structural information of polyphenols can be obtained about a) the aglycone 
component (Cuyckens & Clayes 2004, Ma et al. 1997), b) the type and class of carbohydrates 
present (e.g. mono-, dihexose) (Wolfender et al. 1992), c) the stereochemistry of terminal 
monosaccharide units (Cuyckens & Clayes 2002), d) the sequence of the glycan part 
(Häkkinen & Auriola 1998, Cuyckens & Clayes 2005) and e) the interglycosidic linkages 
(Ma et al. 2001, Pikulski & Brodbelt 2003, Zhang & Brodbelt 2004). 
Several applications of LC-ESI and LC-APCI are suitable for the analysis of flavonoids, 
but the mobile phase composition can have a major influence on the outcome (Rauha et al. 
2001, de Rijke et al. 2003). Choices have to be made between the MS polarities and LC 
eluent conditions, because eluent conditions affect not only on the detection sensitivity but 
also the structural information content and intensity of the (de)protonated molecule signal. 
However, in optimized eluent conditions, there is no significant difference in ionization 
efficiency between the positive and negative mode (Rauha et al. 2001). For LC/MS/ESI 
applications, in the positive ion mode, optimized aqueous phase solvent compositions are 
preferred such as 0.5-1% formic acid (Häkkinen & Auriola 1998), 0.05% trifluoroacetic acid 
and 2 mM ammonium acetate, while ESI in the negative mode, the optimal choice is 
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addition of 5% formic acid or addition of 10 mM ammonium acetate at pH 5.0 in the eluent 
(Rauha et al. 2001).  
Conventional RP columns are frequently used in combination with a flow splitter to 
make the flow rates compatible with the mass spectrometer. The major part of the mobile 
phase can be passed through a UV-DAD, to allow that information on the type of flavonoid 
aglycone can be detected. The limit of the on-column detection is around 10 ng for LC/UV 
but for LC/MS in total ion current (TIC) mode values < 1 ng can be achieved in the single 
ion monitoring (SIM) mode using negative ionization (Rauha et al. 2001, Cuyckens & 
Clayes 2002, Cuyckens & Clayes 2004). 
The limitation of the approach is the need to create a standards-based library of the 
reference compounds (Wolfender et al. 2003). Only a few flavonoid glycosides are 
commercially available for reference purpose and thus their direct quantitative analysis is 
often impractical. It is thus common practice to use reference compounds, for example 
when investigating plant extracts it is practical to hydrolyze the glucosides and identify 
and quantify the released aglycones (Marston & Hostettmann 2006, p. 15).  
2.6.4.2 Identification of aglycones from each other in positive mode 
The nomenclature system of flavonoid aglycones has been developed by Mabry and 
Markham (1975, pp. 78-126). This widely used nomenclature system is based on the various 
A and B ring fragments generated by EI, but it has been found to be inadequate to describe 
the product ions of flavonoid glucosides, which are formed when protonated molecules are 
subjected to CID. The systematic ion nomenclature for flavonoid glucosides is based on the 
analogous system used for peptides and the description of carbohydrate fragmentations on 
CID spectra of glycoconjugates (Domon & Costello 1988).  
 
Figure 7. Ion nomenclature used for fragmentation of different type of flavonoid performed in 
skeleton of flavonoids  
 
Figure 7 illustrates how free aglycone labels [i,jA]+ and [i,jB]+ refers to the fragment 
containing intact A- and B-rings respectively, in which the superscript i and j are indicative 
of the bond cleavage of the C-ring. Ions containing the aglycone are labeled i,jXl, Yl and Zl, 
where l is the number of the interglycoside bond which have been broken. The number is 
counted from the aglycone, and the superscripts i and j indicate the cleavages within the 
carbohydrate rings. The glycosidic bond linking the glycan part to the aglycone is 
numbered 0. When the charge is retained on the carbohydrate residue, fragments are 
designated as i,jAl and Bl, where j represents the number of the glycosidic bond being 
cleaved, counting from the non-reducing end. When more than one glycosylation position 
is involved, an additional superscript m is needed which denotes the aglycone substitution 
used for ions i,jXml  (Figure 8) (Abad-Garcia et al. 2009a, Vukics & Guttman 2010). The [i,jA]+ 
and [i,jB]+ might lose small neutral molecules such as H2O and CO or combinations of them. 
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These product ions are signified by the combination of [i,jA]+ or  [i,jB]+ and the lost molecule 
(Ma 1997 et al., Cuyckens & Clayes 2004). 
 
Figure 8. Ion nomenclature of flavonoid glycosides (Kaemferol-7-O-rutinoside). 
 
Flavonoids subgroups exhibit a characteristic fragmentation behavior in MS/MS-
analysis, which includes the protonated molecule, dehydration, loss of CO and fission of 
the C-ring; the most useful is a fission reaction for the identification of flavonoid aglycones 
(Cuyckens & Clayes 2004). The main advantage of retro Diels-Alder (RDA) fragmentation is 
that it provides immediate information about the location of the extra masses which have 
been added to flavonoids, as well as about the number and type of substituents (Justino et 
al. 2009). The fission of the C-ring bonds is based on the RDA cleavage (scheme 4) 
(Kingston 1971, Chaves et al. 1998). The driving force for the RDA processes may be the 
formation of ions that are stabilized by resonance. The RDA reaction is induced at a radical 
site and the fragment ions form odd-electron ions. More detailed fragmentation patterns 
and their mechanism are shown in the original reference (Ma et al. 1997). 
 
Scheme 4. The retro Diels-Alder (RDA) cleavage of the basic structure of flavonoids.  
 
These cleavages of C-ring generate representative fragments of each flavonoid subgroup, 
and these fragments can provide further structural characterization evidence (Tsimogiannis 
et al. 2007). The major pattern of fragmentation into A and B ions require cleavage of C-C 
bonds at the positions 1/3, 0/2, 0/3, 0/4 or 1/4 of the C-ring. Further loss of H2O (18u), C=O 
(28u), H2C=C=O (42u) and/or successive loss of small molecules and/or radicals from the 
[M+H]+ are commonly observed (Cuyckens & Clayes 2004). 
Table 12 explains how different fragmentations can be used in the identification of the 
flavonoids according to Justino et al. (2009). Generally the [0,2B-CO]+ ion provides a rapid 
identification of the B ring substituents, whereas the [0,2A-CO]+ ion allows the identification 
of the A ring (Justino et al. 2009). Additionally C-ring fragmentation may occur along with 
further losses of small molecules e.g. loss of CO.  
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Table 12. Example of the use of 0/2 and fragmentation for identification and separation of 
flavonoids (Justino et al. 2009). 
 
 Fragment Allows identification of Allows separation 
of 
0/2 fragmentation  
[0,2A]+ and [0,2B]+ 
with CO loss 
 Substitution of A and B-
ring  
 
 [0,2B-CO]+ the B ring substituents  
 [0,2A-CO]+ the A ring  
1/3 fragmentation [1,3A]+ and 
[1,3B]+ 
  Flavones and 
flavonols 
 [1,3A- C2H2O]
+  Flavonols 
 [1,3B-2H]+  Flavones 
 
The 1/3 fragmentation [1,3A]+ and [1,3B]+ with further small molecule loss can be used in 
the separation of flavones and flavonols. The [1,3A]+ ion contains the whole A ring as well as 
the O1, C4 and O4 atoms, therefore it is valuable for assessing both the A ring and any 
possible C ring substituents and modifications, for example in flavan-4-ols (4-OH) and 
possible C=S groups of the flavothiones and thiaflavans (Justino et al. 2009). The 1/3 
fragmentation is also important in the determination of the number and type of 
substituents present in the A-rings for hydroxylated and methoxylated flavones and 
isoflavones (Kuhn et al. 2003).  Kuhn et al. (2003) also provide a guideline for B and C ring 
substitution: “B and C-ring is obtained by the difference from the molecular mass of the 
intact compound” (Kuhn et al. 2003). 
In most cases, fragmentation patterns in CID-MS/MS are valuable since they assist in the 
determination of the nature and site of attachment of the sugars in O- and C-glycosides. 
The position of the glycosylation (or glycan residue) of C-glycosides is readily derived, 
however in the case of O-glycosylation, this is more complicated to deduce from the mass 
spectra of the flavonoids (Cuyckens & Claeys 2005). Metal complexation seems to be a 
promising strategy to allow the differentiation of these isomeric flavonoid monoglycosides 
(March & Brodbelt 2008). These isomers have been successfully differentiated for example 
based on the low-energy CID of metal complexes, such as Mg- (Davis & Brodbelt 2004) or 
high-energy CID of Na-complexes (Cuyckens & Claeys 2005) and Co-complexes (Pikulski & 
Brodbelt 2003). 
Differentiation of the structural isomers has also been successful (Cuyckens & Claeys 
2005, Petsalo et al. 2006) by monitoring the intensity of radical aglycone [Y0-H] ion, which 
is formed by homolytic cleavage of glycose from the aglycone. The intensity clearly 
depends on the position in which the glycoside has been attached to the aglycone. The 
relative intensity of the radical [Y0-H]- ion increases in comparison to non-radical Y0- ion 
(aglycone-H-) as the collision energy increase. This method can be used in the identification 
of the glycosylation sites in unknown flavonoids if one has a good knowledge of the 
instrument and one can make a comparison with known standards. However, if the 
aglycone has hydroxyl groups in both 7 and 8-positions, in most cases the accurate 
structural identification is difficult (Petsalo et al. 2006). 
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2.6.4.2.1 Fragmentation of the different flavonoids subgroups 
Tables 13 and 14 describe the differences in the RDA fragmentation with the losses of the 
small molecules from the flavonoids subgroups being shown. Tables 13- 16 list observed 
fragmentation according to different groups, but not all the fragmentations are found in all 
members of the subgroup (marked with brackets), therefore this table cannot be used 
without reference compounds, if one wishes to identify some unknown flavonoid. 
 
Table 13. Observed RDA fragmentation of each subgroups of flavonoids collected from different 
authors in positive ionization mode ESI CID. 
 
 Flavonols Flavones  Flavanones  Isoflavonols  Anthocyanidins  
[0,2 A0]
+ X X    x 
[0,3 A0]
+ x    X 
[0,4A0]
+   x   
[1,2A0]
+ X      
[1,3A0]
+ X (100) X(100) X(100)  x  
[0,4B0]
+ x  X (100)    
[1,3B0]
+ x X x x  
[0,2 B0]
+ X X x  X(100) 
[0,2A0-CO]
+ X     
[0,2 A0-H2O]
+ x     
[0,2A0-2CO]
+ x     
[1,4A0+2H]
+ x     
[1,3A0-4]
+    x  
[1,3A0-CO]
+ x  x   
[1,3A0-C2H2O]
+ x x x   
[1,3A0-H2O]
+ x     
[1,3A0-H2O-CO]
+ X x    
[0,2 B0-CO]
+ X    X 
[0,2 B0-H2O]
+      
[0,4 B0-H2O]
+  X X x  
[0,4 B0-2H2O]
+   (x)   
[0,4 B0-H2O-CO]
+   X   
[0,4 B0-2H2O-CO]
+   (x)   
[1,3B0-2H]
+ x  X   
[1,3B0-2H-CO]
+ (x)     
[1,3 B0-H2O]
+  (x)    
[1,3 B0-CO]
+  x x   
[1,3B0-H2O-CO]
+  (x)    
[1,3B0-2H]
+   x   
[1,3B0-2H-CO]
+   x   
Ma et al. 1997, Tsimogiannis et al. 2007, Abad-Garcia 2009 a, Justino et al. 2009, Oliveira et al. 2001 
X = most abundant fragments, X = most frequently observed (x) = not observed for all class members, 
(100)= base peak. 
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Table 14. The losses of the small molecules from the flavonoid subgroups. 
 
Flavonoid class Characteristic neutral 
loss 
Elimination of two 
sequential losses 
Characteristic 
Radical loss 
Flavonols -18 (H2O)  
-28 (CO) 
-29 (CHO) 
-42 (C2H2O)  
-58(C2H2O2) 
-84 (C4H4O2 ) 
-46 (H2O-CO) 
-56 (2xCO) 
-74 (H2O-2CO) 
-36 (2xH2O) 
-74 (2xCO+ H2O) 
-84 (2xC2H2O) 
-116 (2xC2H2O2) 
-140(2xCO+C4H4O2 ) 
 
Methoxylflavonols -28 (CO) -42 CH2CO 
-32(CH3-OH) 
-49 (CH3OH-CO) 
-15 (CH3)
• 
-29 (CHO)• 
-43 CH3CO
• 
-43(CO -CH3)
• 
Flavones -18 (H2O), 
 
-84 (2x C2H2O)  
-68 (C2H2+C2H2O) 
- 46(H2O-CO) 
-68 (C2H2O-C2H2 ) 
 
Methoxylflavones 32 u (CH3OH) 
-28 (CO) 
-42(C2H2O) 
  
-33 (CH3-H2O) 
-16 (H+CH3) 
-44 ((H+CH3)-CO) 
-72((H+CH3)-2CO)  
-15 (CH3)
• 
-33 (CO-CH3)
•  
-33 (CH3-OH-H)
 • 
Polymethoxylflavones  -16 (CH3-H) 
-32 (2CH3) 
-32 (CH3-OH) 
-34 (CH3-OH-2H) 
-44(CH3-H-CO) 
-46 (3CH3-H) 
-58 (2CH3-CO) 
-60 (4CH3) 
-62 (2CH3- CH3O-H) 
-74(3CH3-H-CO) 
-86(2CH3-OH-H-CO)
 
-33 (CH3-OH-H)
• 
-45 (3CH3)
• 
-61 (2CH3-CH3O)
• 
-73 (3CH3-CO)
• 
-77 (2CH3-OH-2H-
CO)• 
 
 
Flavanones -18(H2O), 
-42(CH2CO), 
  
Methoxylflavanones   -15 (CH3)
• 
Flavanols    
Methoxylflavanols   -15 (CH3)
• 
Isoflavanols -18 (H2O) 
-28 (CO) 
-74 (2CO-H2O) 
-56 (2 x CO)  
methoxylisoflavonols -56 (2CO)  -15 (CH3)
• 
anthocyanidins  -56 (2x CO) -1 H• 
-29 (CHO) •  
methoxylanthocyanidins  -28 (CO)  
-32 (CH3OH)  
-15 (CH3)
•  
-29 (CHO)•   
-31 (CH3O)
•  
Bold: most common and abundant losses 
The losses of small molecules (Table 14) and/or radicals from [M+H]+ ions may be useful 
for identifying the presence of specific functional groups. The presence of methoxyl group 
is readily detected by the loss of CH3• (15u) and/or CH3OH (32u) from the [M+H]+ ion (Ma 
et al. 1997), methoxylated aglycones e.g. isorhamnetin modifies slightly the fragmentation 
pattern, but mainly it is comparable to the hydroxylated derivates. There is less abundant 
C-ring fragmentation than is the case for hydroxylated flavonols. The loss of radical CH3• 
dominates the spectra of methoxylated flavonols (Woldenfer et al. 2000, Justesen 2001), 
which can be followed by the radical CHO• and successive losses of CO (Abad-Garcia et al. 
2009 a). The second intense peak is due to the loss of methanol from the aglycone and this 
can be considered as diagnostic for the presence of the CH3- and OH- groups in the ortho-
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position. Otherwise methoxylated flavonoids follow the same fragmentation patterns as the 
other flavonoids e.g.[0,2A]+, [1,3A]+ and [0,2B]+ ions (Abad-Garcia et al. 2009 a, Ma et al. 1997). 
In the case of polymethoxylation, the primary loss is a methyl group to form [M+H-CH3]+, 
and the further loss of water to [M+H-CH3-H2O]+ ion followed by a loss of a carbonyl group 
(Tsimogiannis et al. 2007). 
 
Flavonols/flavones 
The main fragment ions of flavonols and flavones are [1,3A]+ and [0,2B]+  (table 13) (Abad-
Garcia et al. 2009 a). The characteristic ions of the C-ring cleavage exhibit the following 
differences [0,2A]+, [0,2A-CO]+, and [1,3B-2H]+ ions for flavonols, whereas they are [1,3B]+, [0,4B]+, 
[0,4B-H2O]+ (Wolfender et al. 2000), [1,3A0-C2H2O]+ and [1,3B0-CO]+ (Abad-Garcia et al. 2009a) 
for flavones. The 1/3 fragmentation with further losses allows for the separation of flavones 
and flavonols (Justino et al. 2009), which are clarified in table 13. 
Losses of small neutral fragments and/or radicals from [M+H]+, such as H2O (18u), CO 
(28u), C2H2O (42u) and successive loss of H2O and CO are common for all compounds. 
However, the flavonols are more prone to lose 2xCO (56u) and H2O (18u) or C4H4O2 or 
(2C2H2O) (84u) units successively, in the flavones the loss is likely to be C2H2O- C2H2 (68u) 
see Table 14 (Cuyckens et al. 2000, Justino et al. 2009).  
 
Flavanones  
The base peaks of the flavanones vary in literature since both the [1,3A0]+ (Abad-Garcia et al. 
2009 a, Wolfender et al. 2000) and [0,4B0]+ (Tsimogiannis et al. 2007) ions have been observed 
as being most abundant. The further losses of the ion [1.3A]+ are similar to other flavonoids, 
but small molecule losses from ion [0,1B]+ (e.g. [0,4B0-H2O]+ and [0,4B0-H2O-CO]+) are unique 
for flavanones (Abad-Garcia et al. 2009a, Tsimogiannis et al. 2007). In addition, [1,4B-2H]+ 
and [1,4B-2H-CO]+ were detected and this has not been observed with other flavonoids 
(Wolfender et al. 2000). Furthermore the protonated flavanones [M+H]+ are dehydrated to 
give [M+H-H2O]+ and loss of the H2C=C=O unit [M+H-CH2CO]+. In addition the loss of the 
whole B-ring [M+H-B-ring]+ is a characteristic of these molecules (Tsimogiannis et al. 2007).  
 
Isoflavones/flavones 
In the case of isoflavone fragments [1,3A]+ and [1,3B]+, [0,4B-H2O]+ are the most common 
fragments (Madeira et al. 2010), and because of the failure to release other RDA fragments, 
they can be identified from the flavones. The API(+)MS2 spectra also has the fragment 4u 
below the [1,3A]+ ion at low abundance and this is an indicator for hydroxylation in position 
5 in isoflavones e.g. genistein. All isoflavones, which have a hydroxyl group on ring A at 
position 5, release a common fragment with the elemental composition of C8H5O3 (Kuhn et 
al. 2003).   
The loss of 56 u is a characteristic of isoflavones in the API(+)-MS2 spectra with a relative 
abundance of 31-100 % (Kuhn et al. 2003). In the case of HPLC/MS, the identification of the 
isoflavones can also be due to the presence of the [M+H-56]+ fragment (>5%) (Kuhn et al. 
2003, Coldham 1999). A compete interpretation of the MS2 is needed for the complete 
identification of isoflavones. In particular, the presence of further fragments and their 
abundances need to be observed e.g. [M+H-28]+, [M+H-15]+, [1,3A-4]+or/and [1,3A]+ RDA ions. 
In addition, a comparison to the reference compound spectrum is needed for the final 
confirmation. Kuhn et al. (2003) have described a scheme with an interpretation guideline 
for the identification of the isoflavonoids aglycones.   
 
Anthocyanidins 
Anthocyanidins are cations and the corresponding anion is usually Cl, which is attached 
typically to cation at position 1. In the case of anthocyanidins (Table 13), the most useful 
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cleavage of C-C bonds occurs at positions 0/2 and 0/3 of the C-ring that give rise to the 
[0,2A]+, [0,2B]+, [0,3A]+ and [0,2B-CO]+ ions for the hydroxyl anthocyanidins (such as 
delphinidin) and a radial ion [0,2A]+ for methoxylated anthocyanidins (such as malvidin) 
(Abad-Garcia et al. 2009a). According to Abad-Garcia et al. (2009a), with the methoxylated 
anthocyanidins no [0,2B]+ ion is found, but Oliveira et al. (2001) reported that the [0,2B]+ ion 
could be detected in methoxylated anthocyanidins, confirming the presence of one 
hydroxyl group and one methoxyl group in the B-ring (Oliveira et al. 2001).  
The spectra of anthocyanidins in the high-energy CID were dominated by the loss of 
small molecules and/or radicals, but further fragmentations of the ions are observed only at 
a very low-abundance (Oliveira et al. 2001). In the case of methoxylated anthocyanidins, 
losses of CH3 (15u), CHO (29u), CO (28u), CH3O (31u) and CH3OH (32u) are the 
dominant fragmentations as shown in Table 13 (Abad-Garcia et al. 2009a, Oliveira et al. 
2001). In contrast, in the hydroxyl anthocyanidins, the loss of 29 u and 58 u can be 
observed, which can be interpreted as a combined loss of one or two CO molecules and a 
hydrogen H• radical (Oliveira et al. 2001).  
 
Chalcones 
Unlike the other flavonoids classes, chalcones and dihydrochalcones do not possess a 
heterocyclic C-ring, since they have an open and saturated 3-C chain that fragments easily 
at low CID energies. Product ions [C9H9O2]+ (m/z 149) and [C7H7O]+ (m/z 107) are reveals by 
cleavage of the bond between C1 and A-ring (Abad-Garcia et al. 2009a). 
However also the trihydroxylated acetophenone [C8H9O4]+ has been observed to be due 
to cleavage between the - and -carbons of carbonyl and with the charge retention on the 
side of the arylketone. Further, an internal reorganization that causes loss of the ketene can 
produce the [C6H7O3]+ ion (m/z 127) (Abad –Garcia et al. 2009a). 
 
2.6.4.3 Identification of aglycones from each other in negative mode 
In flavonoid analysis, the negative ion mode is more selective and more sensitive than the 
positive mode. However, some diagnostic RDA ions that are observed in the positive mode 
are lacking in the negative ion mode (Farbe et al. 2001). Table 15 lists the RDA 
fragmentations and the losses of the small molecules of each subgroups are collected 
together in table 16. 
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X = most abundant fragments, X= most frequently observed (x) = not observed for all class members, 
(100)= base peak. 
For anthocyanidins have not been reported RDA fragmentations in negative mode  
 
Table 15. Observed RDA fragmentation of each subgroups of flavonoids collected from different 
investigations using the in negative ionization mode ESI CID. 
 
 
(Farbe et al. 2001), Kang et al. 2007 (isoflavones), Yang et al.2012 
 Flavonols flavones flavanones isoflavonols 
[0,3 A0]
-    x 
[0,4A0]
-  x   
[1,2A0]
- X    
[1,3A0]
- (x)  X  X  (100) x 
[1,4A0]
-   (x)  
[0,4B0]
-  (x)   
[1,2B0]
- (x)    
[1,3B0]
- (x)  (x) (x)  
[0,3 B0]
-    (x) 
[1,2A0-CO]
- x    
[1,2A0-CO-CO2]
- x    
[1,3A0+2H]
-  x   
[1,3A0-2H]
-  x   
[1,3A0-CO2]
-  x x x 
[1,4B0+2H]
-  x   
- ring B- x    
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Table 16. The losses of the small molecules of each subgroups. 
 
Flavonoid class Characteristic neutral 
loss 
Elimination of two 
sequential losses 
Characteristic 
Radical loss 
Flavonols -18 (H2O),  
-28 (CO), (-29),  
-42 (C2H2O),  
-44 (CO2), 
-84 (C4H4O2 )  
-70 (CO2-CO), 
-86 (C2H2O-CO2), 
56 (2CO),  
-ring B 
 
Methoxyl flavonols 32 u (CH3OH),  -15 (CH3)
• 
Flavones -18 (H2O) 
-28 (CO) 
-42 (C2H2O), 
-44 (CO2), 
-68 (C3O2) 
-70 (CO2-CO) 
-86 (C2H2O-CO2) 
-110 (C3O2- C2H2O)  
-88 (2CO2) 
 
Methoxyl flavonols  - 57 (C2H2O+CH3) 
-110 (C3O2+C2H2O) 
-15 (CH3)
• 
 
Flavanones -28 (CO) 
-44 (CO2) 
  
Methoxyl flavanones -28 (CO) 
-44 (CO2) 
-42 (C2H2O), 
-68 (C3O2) 
-86 (C2H2O-CO), 
-110 (C3O2- C2H2O) 
-ring B 
 
-15 (CH3)
• 
-87 (C2H2O- CH3)
• 
-43 (CO- CH3)
• 
Isoflavanols -28( CO) 
-44 (CO2) 
-56 (2CO)  
-58 (C2H2O2) 
-68 (C3O2) 
-56u 
-70 (CO2-CO) 
-86 (C2H2O-CO2) 
-116 (2CO2-CO) 
-110 (C3O2- C2H2O) 
-88 (2CO2) 
-29 (CHO)• 
methoxylisoflavonols -56 -16 (CH3-H)  
-32 (CH3OH) 
-44 (CH3-CO-H)
  
-44 (CH3-H-CO) 
-72 (CH3-H-CO2) 
(CH3-CO-B-ring) 
A-ring fragment 
B-ring fragment 
 
-15 (CH3)
•  
-29 (CHO)• 
-43 (CH3-CO)
 • 
-57 (CH3- C2H2O)
•  
-59 (CH3-CO2)
 •
 
-71 (CH3-2CO)
 • 
-85 (CH3-CO2-CO)
• 
-99 (CH3-3CO)
 • 
-113(CH3-CO-CO2-
CO)• 
Anthocyanidins -29 
-58 
-42 (C2H2O)
•  
methoxylanthocyanidins  -28 (CO) 
-16 (CH3+H) 
-32 (CH3OH) 
-44 (CH3-H+CO)
 
-60 (CH3OH-CO)  
-61(CH3OH-H+CO) 
-72(CH3-CO-H+CO)
 
-15 (CH3)
•  
-29 (CHO)• 
-31 (CH3O)
• 
-33 (H+ CH3OH)
• 
-43 (CH3—CO)
• 
-71 (CH3--2CO)
• 
 
Kang et al. 2007 (isoflavones). Ma et al. 1999 (methoxyl flavonols), Bold= the most common and 
abundant loss. 
 
Flavones/Flavonols 
Flavones RDA fragmentation occurs [1,3A]- ion which undergoes further loss of CO and CO2  
[1,3A-CO]-, [1,3A-CO2]-. In the RDA cleavage of the flavonols the more common fragments are 
[1,2A]- and [1,2B]- than [1,3A]- or [1,3B]- ions and these diagnostic ions undergo further loss of 
CO, [1,3A-CO]- and CO2, [1,3A-CO2]- (Farbe et al. 2001).  
Typical losses of small molecules are CO and CO2, and another small neutral loss (C2H2O) 
was found for some aglycones in both classes (Farbe et al. 2001). The CO losses have been 
described also in the positive mode on EI ionization (Mabry & Markham 1975, p. 82, Ma et 
al. 1999).  
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Flavanone 
For flavanones, the RDA fragment [1,3A]- or [1,3B]- ions are found as base peaks, however also 
the RDA fragment [1,4A]- has been observed (Farbe et al. 2001). Loss of CO was the only 
fragment observed for flavanones, except for methoxylflavanones for which also other 
losses have been observed (see table 16). 
RDA fragmentation in the negative mode is dominated by [0,3B]-, [1,3A]-, [0,3B-H]-, [1,3A-
CO2]- fragments (Kang et al. 2007, Vessecchi et al. 2011). Therefore the main difference in 
the fragmentation of flavanones and isoflavones is the occurrence of 0/3 RDA fragments 
within isoflavones, but not in flavones. Additionally the 1/3 pathway is also much more 
important in isoflavones (Pinheiro & Justino, 2012, Kuhn et al. 2003). 
The neutral losses of CO, CO2, C3O2, and C2H2O are prominent, whereas RDA cleavages 
are only a small proportion of the spectra of isoflavones. Therefore it is possible to 
distinguish flavones and isoflavones from each other based on a double neutral loss of CO 
(Kuhn at el. 2003, Pinheiro & Justino 2012) 
In both flavones and isoflavones, the methoxyl group is often observed to give rise to the 
same fragment with a loss of 15 u (CH3) as the only abundant fragment in API(-)MS2 (Kuhn 
et al. 2003). [M-H-CH3]- -elimination requires lower energy than [M-2H]- elimination. These 
fragments undergo a further loss of CO and CO2 fragmentation (Vessecchi et al. 2011).  
 
Anthocyanidins 
Anthocyanidins (aglycones) have not been studied by negative ionization mode in the 
literature, but there is one report about anthocyanins (including also the sugar moiety). 
Anthocyanidins exist in the cationic form and thus differ from flavonoids; for this reason 
the positive mode is more commonly used for their analysis. The positive charge and 
phenolic groups make them suitable donors of protons to free radicals (Sun et al. 2012). 
It is difficult to distinguish anthocyanidins from the corresponding flavonols only by 
using MS in the positive ionization mode, since they exhibit the same molecular ions and 
mass fragmentation patterns. However, they can be distinguished with DAD, since their 
absorption maxima are different from the flavonols. Additionally the negative ionization 
mode produces a series of characteristic ions for anthocyanidins. These characteristic ions 
are especially useful for the differentiation of the anthocyanin glycosides form flavonol 
glycosides e.g. delphinidin and quercetin or cyanidin and kaempferol. The characteristic 
ions of anthocyanins are usually [M-2H]-, [M-2H+H2O]-, [M-2H+HCl]- and [M-
2H+H2O+HCOOH]- ion. The doublet ions [M-2H]- and [M-2H+H2O]- are unique to the 
anthocyanins, while a single molecular ion [M-H]- dominates the spectra of the non- 
anthocyanin polyphenols. (Sun et al. 2012).  
 
Chalcones 
Chalcones can be easily deprotonated due to their acidic nature. In chalcones the fragments 
are classified as A or B type, depending on the products retained in the A or B ring portion 
of the chalcones. The A type ions are the product of the loss of the B ring. Fragmentation in 
negative mode does not differ extensively from fragmentation in the positive mode. A 
single bond cleavage is the dominate form in fragmentations between the A and C-ring 
(Zhang et al. 2008, Pinheiro & Justino 2012). 
Small neutral losses of H2O, CO and CO2 have been commonly observed that are 
characteristic of some of the chalcones that have hydroxyl groups. In addition, an unusual 
loss of H2 and H2O has been observed with some of the chalcones. A neutral loss of the 
C2H2O was observed in the chalcones that have two hydroxyl groups on the B ring, in 
either the meta- or para-position. These losses have been observed also in deprotonated 
flavonols, flavones and flavanones (Zhang & Brodbelt 2003). 
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In addition to other small neutral losses the methoxylated chalcones have shown that the 
most dominant losses were CH3 radical and CH4. Additionally the unusual radical loss of 
30 u and 44 u, has also been observed with chalcones. The detailed fragmentation pathways 
have been explained previously by Zhang & Brodbelt (2003).  
The fragmentation patterns of the chalcones are influenced dramatically by rather 
modest changes in the substituents as is the case for the other flavonoids for example by the 
substitution of a methoxyl group and hydroxyl group. The same kind of chalcones, it is not 
straightforward to identify even if in some cases, the fragmentation pattern shows logical 
similarities. However, chalcone isomers may be partially differentiated from each other. 
Therefore the identification of chalcones in a mixture will be complicated since the 
fragmentation of chalcones does not follow any consistent structure-based fragmentation 
rules (Zhang & Brodbelt 2003). 
2.6.4.4 Identification of flavonoids-glycosides 
Flavonoid glycosides are found most often in flavonol and flavanones as well as in 
isoflavonoids as O-glycosides, but flavone glycosides either correspond to O- or C-
glycosides or O-C-diglycosides in nature (Cuyckens et al. 2000, Abranko et al. 2011). 
However anthocyanidins do exist as C-glycosides in nature (Oliveira et al. 2001). The sugar 
type can be determined from the losses of the sugar residue; hexoses: glucose, galactose 
(162u), deoxy-hexose: rhamnose (142u), pentose: abinose, xylose (132u). Precursor-ion and 
common neutral loss analysis cannot discriminate between the glucose and galactoside of 
the flavonoids (Tian et al. 2005). No additional information can be obtained about the 
stereochemistry of the glycan part of the flavonoid glycoside (Vukics & Guttman 2010). 
Flavonoid O-glycosides contain commonly one or two sugar units, but occasionally tri- and 
tetraglycosides are observed (Williams 2006).  
 
O-monoglycosides  
Usually sugar is attached to the flavonoid O-glycosides at the 3, 7-, 4’-positions. The O-
monoglycoside is attached to position 3 of the anthocyanins (Wu and Prior 2005), for 
flavones and flavanones at position 7 whereas for flavonols it is at positions 3 or 7 (Abad-
Garcia et al. 2009a). Substitution at the 5- hydroxylgroup is rather uncommon (Cuyckens & 
Claeys 2005) due to the steric effect as well as a resonance effect, which offers good 
hydrogen bond position at 5-hydroxyl group as discussed earlier. The very low reactivity of 
this group is the result of the presence of these hydrogen bonds. 
In ESI MSn, the negative ionization mode position of mono-O-glycosides can be used to 
differentiate between compounds due to their fragmentation behavior and the relative 
abundance of the [Y0-H]- and [Y0-] ions, which show a correlation with the glycosylation 
position (Ablajan et al. 2006, Ablajan & Tuoheti 2013). The [Y0-H]- ions are relatively more 
abundant than the [Y0-] ion in the case when the sugar residue is at position 7-O or 3-O in 
comparison to the situation when they are in the 4-O position (Cuyckens & Claeys 2005, 
Hvattum & Ekeberg 2003). The stability of the radical aglycone fragment is dependent on 
the number of the OH substitutions on the B-ring, the nature of the sugar and the position 
of the sugar substitutions (Hvattum & Ekeberg 2003). Ablajan and Tuoheti (2013) suggested 
“that contributions of the sugar moieties on the formation and relative abundance of the 
[Y0-H]- ion from quercetin 3-O-glycoside are in the following order: arabinose > glucose > 
rhamnose”. The [Y0-H]-/ [Y0-] ratio can be a useful aid in the comparison in unknown 
flavonoid O-glycosides with reference standards (Cuyckens & Claeys 2005). Therefore the 
MS2 and MS3 spectra of (-)ESI-MSn analysis can be used for the structural characterization 
and differentiation of flavonol O-glycosides. Fragmentation behaviors of the one group of 
investigators (Ablajan & Tuoheti 2013) have described in detail the characteristics of the 
different flavonol-O-glycosides. 
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This kind of ion ratio cannot be used in the positive mode to determine the position of 
the sugar residue. However, for the determination of the glycoside position, the high 
energy CID spectrum of [M+Na]+ can be used. Guidelines for the determination of 
unknown flavonoid mono-O-glucosides have been published by Cuyckens & Claeys (2005).  
 
Di-O-glycosides 
Di-O-glycoside occurs in flavones at positions 3’- and 7 and for anthocyanins at positions 5 
and 3 (Abad-Garcia et al. 2009a), occasionally C-3’, C-4’ or C-5’ (Oliveira et al. 2001). Di-O-
glycoside flavonoids are glycosylated flavonoids that have two monosaccharides linked to 
two different hydroxyl groups of the aglycone. At a low collision energy (10 eV), the ESI(+)-
CID MS/MS spectra of O-glycoside flavonoids shows an intense peak for the quasi-
molecular ion. When higher collision energy (20 eV) is used, this leads to the production of 
further fragmentation such as cleavage of the two glycosidic bonds and the cleavage of 
both sugar-aglycone linkage on 3’ and 7 of flavones and 5 and 3 positions on anthocyanins. 
The loss of glycan substituent occurs more readily at the 3’ and 5 than at 7 and 3 positions 
(Abad-Garcia at al. 2009a)  
Ablajan (et al. 2006) reported and presented detailed guidelines in his original article 
about the significant differences in the [M-H]- spectra of the flavonol 3,7-di-O-glycosides 
and how they differ from those of the flavonol mono-O-glycosides to help in their 
identification. Additionally the position of the sugar substitutions can be determined by 
observing and comparing the MS3 spectra and fragmentation patterns of [Y30]- and [Y70]- ions 
with the [M-H]- spectral data of homologous compounds (Ablajan et al. 2006).  
 
O-diglycosides  
The most commonly found endogenous disaccharides in flavonoids are rutinose and 
neohesperidose that differ from each other only by the interglycosidic linkage type between 
glucose and rhamnose. The differentiation between these isomers is possible using ESI(+)-
CID MS/MS spectra (Cuyckens et al. 2001), from the intensities of the [Y1]+ and [Y0]+ peaks. 
Additionally interglycosidic linkage type (12 or 16) and glycosylation position (7-O and 
3-O) can be elucidated on the basis of the peak relationship (Abad-Garcia et al. 2009b). The 
[Y0]+/[Y1]+ ratio is always larger for the 12 linkage than for 16 linkage (Cuyckens et al. 
2000). Guidelines of the differentiation by relative intensities of [M+H]+, [Y0]+, [Y1]+ and [Y]+• 
ions between these isomers and the different flavonoids have been presented by Abad-
Garcia (et al. 2009a, 2009b) and Cuyckens (et al. 2001).  
However, in the negative ionization mode, the influence of the solvent system is 
significant. This influence of the solvent leads to differences in the [M-H]- intensity 
(Cuyckens et al. 2001). Cuyckens (et al. 2001) provided guidelines that the negative ion 
mode could be used in the differentiation between a 1 2 linkage in neohesperidoside and 
a 1 6 linkage in rutinose of flavonoids, due to the more pronounced fragmentation of the 
12 in comparison to the 16 interglycosidic linkage. 
 
O-triglycosides  
Triglycosides of flavonoids occur in linear or branched structures. For example, the linear 
trisaccharide glucosyl(13)-rhamnosyl-(16) glucose has been found linked to the 3-
position in both kaempferol and quercetin (Williams and Harborne 1994, pp. 340-341). The 
most probable glycosylation positions for flavanones are 3’, 4’ and 7, for flavones they are 4’ 
and 7, and for flavonols 3 and 7 are preferred (Abad-Garcia et al. 2012). The O-triglycoside 
needs higher collision energy to achieve sufficient fragmentation as encountered with the 
diglycosides, since the molecules are heavier. The fragmentation of the tri-glucosides can be 
observed based on the cleavage of the monosaccharide-aglycone glycosidic bond and the 
cleavage of the interglycosidic bond between sugars, as well as the cleavage of the 
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disaccharide (Abad-Garcia et al. 2009a, 2012). Abad-Garcia et al. (2012) have described in 
detail the fragmentations of each flavonoid subgroup along with a deduction of the 
bonding positions. 
 
C-glycosides 
Natural C-glycosylflavonoids are divided into four classes; the mono-C-glycosylflavonoids, 
the di-C-glycosylflavonoids, the O-glycosyl-C-glycosylflavonoids and O-acyl-C-
glycosylflavonoids (Jay et al. 2006, p. 867). Most C-glycosides occur in flavones, but they are 
also found in chalcones and isoflavones (Abad-Garcia et al. 2008). In C-glycosides, the sugar 
unit is linked directly to the carbon skeleton with the C-C bond that is stable towards acid 
hydrolysis. All in all, higher collision energies are needed with C-glycosides achieve to 
fragmentation in comparison to the O-glycosides (Abad-Garcia et al. 2008, 2009a).  
 
Mono-C-glycosides 
For C-glycosides [M+H]+ and [M-H]- ions are the most intense ions. The fragmentations of 
C-glycosides occur preferentially on the glycidic moiety. The position of the linkage 
between the sugar and aglycone can be concluded from the type and number of fragments 
(Abad-Garcia et al. 2008). The most commonly position on which a sugar can bind to 
carbon is at 6-C or 8-C (Cuyckens & Claeys 2005) and the main fragmentations in C-
glycoside take place in the sugar that has the weakest bonds in the molecule. The main 
fragmentation pathways in the ESI(+)-CID MS/MS spectra have been described by Abad-
Garcia et al. (2009a) and Waridel et al. (2001) and the loss of the glucoside methyl group by 
Waridel et al. (2001) and March et al. (2006). Waridel (et al. 2001) and Guo et al. (2013) 
presented guidelines for the identification of isomeric mono-C-glycosides (8-C and 6-C 
isomers) in both negative and positive ionization modes.  
In Addition, the [0,1X]+/[0,2X]+ ratio is used for the differentiation between 6-C and 8-C-
glucosides from each other (Li et al. 1992, Abad-Garcia et al. 2008), as ion intensities 1:1 for 
8-C-isomers and 2:1 for 6-C-isomers (Abad-Garcia et al. 2012). The difference in the 
fragmentation of these isomers means that the sugar residue of 8-C-glycoside is more stable 
than that of 6-C-glycoside (Li et al. 1992, Kazuno et al. 2005). The isomers of flavones can be 
distinguished by performing CID with protonated and deprotonated molecules, 6-C-
glycoside is also more prone to the loss of water than the corresponding 8-C-glycoside 
(Cuyckens & Claeys 2005). The fragmentation pathways in the ESI negative ion mode of C-
glycosyl isoflavonoids were simpler than those in the positive ion mode. In the negative 
mode, only fragment ions from [M-H]- were [0,2X]+, produced by neutral losses of CO, CO2, 
CH3 or C2H4 and [M-H-H2O]+ (Li et al. 2007). 
 
Di-C-glycosides 
Di-C-glycosides have the same mass spectral behavior as mono-C-glycosides, although they 
elute earlier and have a higher molecular mass. The same cleavages and losses are also 
observed, but since there are two sugar residues, two simultaneous cleavages can occur in 
both sugars. The number of the fragments is high because of the many combinations. 
However diagnostic fragments can be identified as [M+H-4 H2O]+ for C-6 and [0,3X]+ for C-8-
glucoside (Abad-Garcia et al. 2012). 
 
O,C-diglycosides 
O,C-diglycosides have sugar linked to a hydroxyl group of the aglycone and other sugars 
bind through a C-C bond to the backbone of the flavonoids. O,C-diglycosides occur mainly 
in flavones and the usual position of the sugar in the case of C-linkages is either C-8 or C-6 
while O-linkages are found on position 7 (Cuyckens & Claeys 2004, Vukics & Guttman 
2010). Similar behaviors have been observed in ESI fragmentation for several O,C-
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glycosides (Abad-Garcia et al. 2009a). The O,C-diglycosides produce both O-diglycosides 
and C-diglycosides fragmentations. Protonated O-glucosides release [Y1]+ and [Y0]+ ions and 
the C-glycosides produce [M+H]+ ions together with cross-ring cleavages and the loss of 
water molecules of the saccharide residue. (Cuyckens & Claeys 2004, Ferreres et al. 2008, 
Abad-Garcia et al. 2012). Therefore these glycosides can be distinguished from each other 
by using the ESI(+)- CID MS/MS (Abad-Garcia et al. 2009a , 2012). Additionally MS3 spectra 
can confirm also the various interglycosidic linkages (Ma et al. 2000, Cuyckens & Claeys 
2005, Vukics & Guttman 2010). 
 
2.6.4.5 Identification of acylglycosylated flavonoids 
Various acyl groups (e.g. malonyl (86u), benzoyl (105u), galloyl (152u) coumaroyl (146u), 
feruloyl (176u) sinapoyl (207u) acylglycosides (e.g. acetylhexose (204u) malonylhexose 
(248u), bezoylhexose (266u), galloylhexose (314u), coumaroylhexose (308u) feroylhexose 
(338u) and sinapoylhexose (369u) have been reported in the literature. Acyl groups are 
identified by the addition to the mass weight and the characteristic neutral losses of acyl 
groups or acylglycosides residues. It is difficult to determine via the mass spectra the exact 
position at which the acyl group is in the glycosidic position (Cuyckens & Claeys 2004). The 
fragments suggest that the most likely bonding place is on the hexose residue in position 6. 
(Abad-Garcia et al. 2012).  
 
2.6.5 GC-MS  
In the 1960s, flavonoids were analyzed by gas chromatography (GS-MS). After introduction 
of the LC, this technique became less popular, but recently GC has received renewed 
attention due to the advances in high-temperature GC and the improvements in 
derivatization procedures (de Rijke et al. 2006). ESI MS/MS libraries have been found to 
offer only limited benefits for compound identification, thus changes within experimental 
conditions can have a significant impact on the contribution of distinctive decomposition 
pathways to the overall fragmentation pattern. All in all, MS/MS spectra tend to be less 
reproducible than electron impact (EI) spectra (Oberacher et al. 2009). One major advantage 
of GS-MS is the availability of electron impact spectral libraries. These libraries offer 
possibilities for the identification of unknown volatile compounds, but they are not 
invariable accurate e.g. with polar and non-volatile compounds (Fiehn et al. 2000, Halket et 
al. 2005, Theodoris et al. 2011). One advantage is that the identification of peaks is more 
straightforward than in LC-MS even if it is still not trivial. The process is often assisted by 
using retention time comparison with the values of pure standard compounds and using 
retention indices obtained from the mass spectral library databases. In contrast to ESI and 
APCI, GC-MS does not usually produce molecular ion peaks, which makes identification 
more complex if analytes appear in multiderivatized forms (Theodoris et al. 2011). 
Traditionally, sample preparation for GC-MS includes the removal of lipids from the 
extract, and hydrolysis with alkali, acid or enzymatic followed by a chemical derivatization 
step. In the case of GC-MS, the most typical derivatization agents are trimethylsilyl or N-
(tert-butylmethylsilyl)-N-methylfluroacetamide (Stalikas 2007). Occasionally two-step 
derivatization is selected a) oxime formation to cover the ketone groups and b) 
trimethylsilylation to mask active hydrogen atoms (OH, -COOH, -NH2) with trimethylsilyl 
groups (Kanani et al. 2008, Xiayan & Legido-Quigley 2008, Theodoris et al. 2011). In GC 
analysis, the flavonoids are hydrolysed into their aglycones and injected into a non-polar 
column in the split or slit less mode and separated with a linear 30-90 min programme that 
raises temperature up to 300°C (Stalikas 2007). The separation of the compounds is mainly 
based on their volatility and polarity. Thus the compounds must be volatile and thermally 
stable (Xiayan & Legido-Quigley 2008). 
GC-methods provides high resolution and low detection limits, but they are laborious to 
perform e.g. derivatization and long chromatographic analysis times. Derivatization may 
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improve the volatility and the thermal stability of the flavonoids. (de Rijke et al. 2006). The 
boiling point increases due to the presence of the OH group in phenolic compounds that 
generate the hydrogen bonds. Consequently, a significant concern with the GC technique is 
the low volatility of phenolic compounds (Stalikas 1997).   
It is been very difficult to analyze flavonoid glycosides with conventional GC even after 
derivatization (Stalikas 1997). In addition the major limitations of the method are the 
analysis of polar, non-volatile analyses, large molecules and thermo labile compounds. A 
polar, volatile to semi-volatile molecules with molecular weight lower than 600-800, can be 
analyzed by GC-MS (Theodoris et al. 2011). Therefore one can predict that GC will not 
easily replace LC-MS/MS in the analysis of the flavonoids and flavonoids-glucosides (de 
Rijke et al. 2006). 
 
2.6.6 MS conclusion  
Both ESI and APCI can be used in either the positive or negative ionization modes and 
especially CID experiments are useful for flavonoids identification. Mass spectrometry 
permits the identification of known flavonoids aglycones and glycosides within the 
reference compounds, but it does not alone allow the full identification of unknown 
compounds. Mass spectrometric data can provide structural information about the 
flavonoids such as their molecular masses and it allows for the allocation of the substituents 
between the A- and B-ring. Therefore the class of the flavonoids can be characterized by 
making a careful study of the fragmentation pattern. In additional, fragmentation patterns 
may also be valuable if one wishes to characterize the nature and site of attachment of the 
sugar in O- and C-glycosides (Martson & Hostettman 2006, p. 20, Tsao & Mc Callum 2010, 
p. 142). However, care should be taken in the mass spectrometric identification of 
flavonoids especially if fragmentation behaviors are compared under different CID 
protocols. Fragmentation rules have to be validated when different instruments or scan 
types are utilized (Geng et al. 2009). Table 17 shows an example of the fragmentation 
differences of the flavonoids that have the same molecular weight. Thus one needs to have 
access to reference compounds when one wishes to identify unknown compounds since to 
fragmentation is dependent on the ionization mode, the type of analyzer and the physical 
conditions present during the measurement.  
 
Table 17. The fragmentation of the flavonoids with the same molecular weight. 
 
Fragments Flavonols flavone anthocyanidin 
 Fisetina Kaempferol luteolin Cyanidin Cl 
[M+H]+ 287 287 287  
0,2A+ 149 165  - 150 
0,2B+ 137 121 219 137 
0,4B+ - - 203   
0,2A+ - - - 121 
1,3A+ 137  153  137  - 
1,3B+ 159  133   179 - 
[0,2A-H2O]
+ - - 153  - 
[0,2A+-CO]  137  135  - 
[0,2B+-CO]    109 
[1,3B+-2H]  133 - - 
[1,4A++2H]  127  - - 
[1,3A+-C2H2O)  111  - - 
[M+H-B-ring]+ - - 161  - 
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2.7. USE OF FLAVONOIDS 
2.7.1 INTAKE; BIOAVAILABILITY, HEALTH EFFECTS AND SAFETY 
A large number of epidemiological studies have reveals a protective effects of vegetables 
and fruits against coronary heart disease including stroke (Bazzano et al. 2002, Dauchet et 
al. 2006) as well as cancer (Hertog et al. 1996, Riboli & Norat 2003, Wallström et al. 2000). 
Moreover based on meta-analysis and epidemiological studies (Graf et al. 2005) it has been 
postulated that long-term consumption of certain flavonoid rich plants can confer 
protection against chronic diseases e.g. coronary heart diseases (Hooper et al. 2008) and 
cancer (Le Marchand 2002, Rossi et al. 2006). For example, green tea but not black tea has 
been demonstrated to protect against breast cancer (Sun et al. 2006) and lung cancer (Tang 
et al. 2009).  
As pointed out above, flavonoids have health beneficial compounds, but it is difficult to 
determine the daily consumption of flavonoids due to many factors 1) the values depend 
on bioavailabilities in the food composition, 2) dietary habits, 3) preferences, 4) flavonoid 
content in the food, 5) variation of the flavonoid concentration in the food and 6) possible 
synergia or/and antagonism with other food compounds (Aherne & O’Brien 2002). 
However, the total flavonoid intake and content in foods can be assumed to be greater than 
the values generally reported as the dietary flavonoid content, since intakes have been 
based mostly on the content of only three flavonols and two flavones (Aherne & O’Brien 
2002). In additon, the dietary sources vary in different countries due to dietary customs and 
cultural influences such as food preparation and processing (Aherne & O’Brien 2002). 
Furthermore interindividual variation in bioavailabilities may play a major role in the 
intake of flavonoids (Erlund 2004). 
In addition, intrinsic factors within the plant can affect to their flavonoid contents. The 
flavonoid content is also strongly influenced by extrinsic factors such as plant type, growth 
conditions, season, climate, degree of ripeness (Aherne & O’Brien 2002). The estimated 
intakes of five flavonoids vary extensively with the lowest 1-9 mg/d values up to levels as 
high as 75-81 mg/d (de Vries et al. 1998, Aherne & O’Brien 2002). Manach et al. (2005) 
conducted a comparison of the bioavailabilities of different polyphenols. The following 
parameters were calculated for the different polyphenols; mean values for Cmax, time to 
reach Cmax, area under the plasma concentration-time curve, elimination half-life and 
relative urinary excretion. Interestingly ten-fold variations in the Cmax values were observed 
for most compounds. (Manach et al. 2005) 
New analytical methods may provide a more accurate estimate of dietary intake (Aherne 
& O’Brien 2002). The biomarkers of flavonols could be used to distinguish differences 
between high and low flavonol consumption in epidemiological studies, a few studies have 
shown that plasma and urine flavonol concentrations can reflect short-term flavonol intake 
(de Vries et al. 1998). 
2.7.1.1 Bioavailability  
Bioavailability is defined as follows: the rate and extent that the active moiety is absorbed 
from the ingested matrix and becomes available at the site of action. This definition is more 
readily applicable to pharmaceuticals than complex food matrices. Since food may contain 
a mixture of the compound, this is greatly complicates the utility of bioavailability as a 
means to optimize the efficacy of the dietary compounds. Typically, bioavailability is 
measured from blood fractions. (Neilson & Ferruzzi 2013, p. 409).  
Most flavonoids are usually present in food as -glycosides (Hollman 2004). The majority 
of absorption of polyphenols occurs in the small intestine (Neilson & Ferruzzi 2013, p. 412). 
The presence of a sugar moiety enhances absorption in humans (Romagnolo & Selmin 
2012) for example in onions approximately 52% of quercetin-glucosides are absorbed, 
whereas only 24% of the corresponding aglycones are taken up (Hollman et al. 1995). In the 
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small intestine, polyphenols must pass through enterocytes before gailing access to the 
bloodstream. The specific transport system is still under an active area of research. It is 
generally believed that absorption of polyphenols into enterocytes does occur via the 
activity of the monocarboxylic acid (MCT) transporter, as well as by passive diffusion 
(Nelson & Ferruzzi 2013, p. 413). There are two possible routes for hydrolysis of the 
glycosides and the resultant free aglycones to appear in the epithelial cells: “LPH/diffusion” 
and “transport/CBG”. The absorption of sugar moieties is associated with hydrolysis of 
lactase phloridzin hydrolase (LPH). The free aglycones are more lipophilic and they may 
then enter the epithelial cells via passive diffusion. Another option for hydrolysis is the 
enzyme cytosolic β-glucosidase (CBG) in the epithelial cells. In this case, the polar 
glucosides must be transported into the epithelial cells, possibly with the assistance of the 
active sodium-dependent glucose transporter protein (SLGT1), but researchers have not 
reacted a consensus about the role of SLGT in the transport of flavonoids (Crozie et al. 
2010).  
The aglycones undergo metabolism in the bloodstream, involving conjugation reactions, 
whereby a hydroxyl group is modified by addition of a sulfate, glucuronic acid and/or 
methyl group (phase II metabolites). However some of the metabolites are effluxed back 
into the lumen of the small intestine this process being facilitated by members of the 
adenosine triphosphate (ATP)-binding cassette (Crozie et al. 2010, Neilson & Ferruzzi 2013, 
p. 415). 
Both native compounds and phase II metabolites in the bloodstream will be transported 
to the liver. Where they can be subjected to phase II metabolism with further conversions or 
excreted into the enterohepatic circulation. This may result in some recycling back to the 
small intestine when bile is released. The absorption of dietary polyphenols is relatively 
poor (0.3-43%), and therefore the majority of the ingested dose may pass through the small 
intestine unabsorbed and reach the colon. The metabolic capacity of colonic bacteria results 
in extensive fermentation of unabsorbed material (Crozie et al. 2010, Neilson & Ferruzzi 
2013, p. 415). The colonic bacteria can metabolize polyphenols into a variety of simpler 
metabolites (Auger et al. 2008, Jaganath et al. 2006, Stalmach et al. 2010), therefore microbial 
metabolites may account for many of the reported bioactivities of dietary polyphenols in 
vivo (Neilson & Ferruzzi 2013, p. 415). 
All in all, bioavailability varies widely in the different polyphenols. Some of 
bioavailability of the polyphenols depends on the forms present in the dietary sources. The 
plasma concentrations of total metabolites range from 0 to 4 mol/L with an intake of 50 mg 
aglycone equivalents. The peak plasma levels (Cmax) differ ranging from 1.5h or 5.5 h in the 
polyphenolic classes. The best absorbed polyphenols are isoflavones, gallic acid, followed 
by catechins, flavanones and quercetin glucosides (Manach et al. 2005). In tea-drinking 
populations, there is a high correlation between tea intake and flavonoid intake (Arts 2008). 
Usually the human plasma concentration of quercetin lies in the low nanomolar range, but 
after quercetin intake, it may reach the high nanomolar or ever the low micromolar range. 
Egert et al. (2008) showed that supplementation with a high dose (150 mg per day) could 
increase plasma concentrations of quercetin by 57%. However interindividual variation was 
also found in the plasma quercetin concentrations (36-57%). 
2.7.1.2 Effects 
On average, the consumable plants contain hundreds of phytochemicals with diverse and 
largely unknown biological activities. Therefore it is probable that the observed biological 
activities are due to the combined effects of numerous phytochemicals rather than a single 
compound or even a small group of compounds. The effects might not even be due to 
native form of the phytochemical, but instead to the variety of metabolites. The metabolic 
enzymes typically break down the dietary phytochemicals into simpler compounds and 
transform their functional groups. To that end metabolites may be the active compounds 
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that exert biological activities. However, most of the studies have investigated the native 
phytochemicals since examining the metabolites can be complicated even impossible i.e. a 
large number of metabolites may be formed from a single phytochemical. The number of 
metabolites formed may be only partly clear or in many cases totally unknown (Neilson & 
Ferruzzi 2013, p. 409).  
2.7.1.3 Cancer 
Romagnolo and Selmin (2012) conducted a large review of the epidemiological, preclinical 
and intervention studies of the cancer preventative effects of flavonoids. In vivo and in vitro 
experiments of the anticarcinogenic effects of flavonoids indicate that they interfere with 
malignant processes e.g. proliferation, inflammation, angiogenesis, invasion and metastasis. 
The catechins in green tea have been shown to induce apoptosis by down regulation of 
telomerase, as well as inhibiting angiogenesis by reducing the expression of vascular 
endothelial growth factor (Sun et al. 2006). Although epidemiological studies are not so 
clear, they hint that the dietary intake of flavonoids may reduce the risk of some tumors e.g. 
breast, colon, lung, prostate and pancreas. However generalizations of these effects remain 
uncertain. More investigation will be required to clarify the effects of the flavonoids 
subclasses and different cancers (Romagnolo & Selmin. 2012). 
2.7.1.4 Antioxidant effect 
The ability of flavonoids to act as antioxidants (Pietta 2000) and their anti-inflammatory 
and antimicrobial properties are widely known. The in vitro antioxidant activity of 
flavonoids and correlation between the antioxidant capacity and chemical structure has 
been well documented, but there is much less known about their pharmacokinetics (Pietta 
2000) and the crystallographic information is mainly missing (4 crystal structures in Sci 
Finder), which would show the chelation sites.  
The human body has different antioxidant-defense mechanisms including enzymes and 
non-enzymatic counterparts such as ascorbic acid. The increased production of reactive 
oxygen species can lead to the depletion of the endogenous scavenging compounds. 
Flavonoids might exert an additive affects with these endogenous scavenging compounds. 
Flavonoids can interfere with different free radical-producing systems; direct radical 
scavenging as nitric oxide and xanthne oxidase, leukocyte immobilization and interactions 
with other enzyme systems, but they can also increase the actions of the endogenous 
antioxidants (Nijveldt et al. 2001). 
2.7.1.5 Antimicrobial effects 
Some flavonoids are synthesized to act as antimicrobial barriers inside the plants (Harborne 
& Williams 2000, Orhan et al. 2010). Due to widespread ability of the flavonoids to inhibit 
spore germination of plant pathogens, they have been proposed for use against human 
fungal pathogens (Harborne  & Williams 2000). They have been found in vitro to be 
effective antimicrobial compounds against a wide array of microorganisms. Flavonoids 
exert strong antimicrobial and antifungal activities against isolated strains of P. aerugunosa, 
A. baumanni, S. aureus and C. krusei; in addition rutin and some other flavanones inhibited 
potently HSV-1 and an isolated strain of E. faecalis (Orhan et al. 2010). 
Further research will be required to elucidate the mechanism of antimicrobial action of 
the active flavonoids (Orhan et al. 2010). In general terms, phytochemicals are less potent 
anti-infectives than antibiotics. The characterization of the interaction between 
antimicrobial flavonoids and their target sites could potentially allow the design of second-
generation inhibitors (Cushnie & Lamb 2005). 
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2.7.1.6 Cardiac effects 
Hrelia and Angeloni (2013, pp. 217-228) have published an extensive detailed review of the 
cardiovascular effects of the quercetin. Quercetin has been shown to have multiple effects 
in counteracting the different pathologies that affect heart and blood vessels. The positive 
effect against atherosclerosis is due to the ability of quercetin to counteract the processes 
involved in disease progression such as endothelial dysfunction, oxidative stress and 
inflammation (Hrelia & Angeloni 2013, p. 219). These effects have been reported in ApoE-
deficient mice (Loke et al. 2010). Quercetin inhibited effects that were associated with the 
inhibition of the NF-k pathway such as TNF production, inducible nitric oxide synthase 
(iNOS) expression and NO production in LPS-activated macrophages. Quercetin has 
stimulated LPS-induced IL-10 secretion. Furthermore, IL-10 expression is known to be 
regulated by p38 MARK, which is an enzyme possibly affected by flavonoids (Comalada et 
al. 2006). However the molecular mechanisms by which quercetin may counteract 
inflammatory gene expression have not yet been fully elucidated. In addition, several 
mechanisms have been suggested to explain the antiplatelet activity and antihypertensive 
effect of quercetin (Hrelia & Angeloni 2013, pp. 221-222). 
2.7.1.7 Anti-inflammatory effects 
Several mechanisms have been described to account for the anti-inflammatory activity of 
flavonoids: 1) antioxidative and radical scavenging activities (Lai & Yen 2002, Kapiotis et al. 
1997), 2) regulation of cellular activities of inflammation-related cells (Kim et al. 2004, 
Middleton et al. 2000), 3) modulation of the activities of arachidonic acid metabolizing 
enzymes (phospholipase A2, cyclooxygenase, lipoxygenase) and nitric oxide synthase (Chi 
et al. 2001, Sook et al. 2001, Raso et al. 2001), 4) modulation of the production of other 
proinflammatory molecules (Chen et al. 2007, Chi et al. 2001, Soo et al. 2004) and 5) 
modulation of proinflammatory gene expression (Chen et al. 2007, Hooshmand et al. 2007, 
Liang et al. 1999, Tunon et al. 2009). In many human diseases, e.g. cancer and 
cardiovascular diseases, inflammation is considered to be a critical factor. The potent anti-
inflammatory activity of flavonoids favours the use of these compounds as potential 
prophylactic and therapeutic agents, but more studies of bioavailability and intervention 
will be required to establish their effectiveness in the treatment of these chronic diseases 
(Carcia-Lafuente et al. 2009). 
2.7.1.8 Safety 
It has been pointed out that potential safety issues exist if mega doses of flavonoids and 
isoflavones are consumed every day. One reason for the concern about mega doses of 
flavonoids is potential flavonoid-drug interactions, as flavonoids have been shown to be 
capable of both inducing and inhibiting drug metabolizing enzymes (Galati & O’Brien 
2004). 
In vitro studies, mainly conducted in the at 1980s (Czeczot & Kusztelak 1993, Ueno et al. 
1984), found evidence of quercetin related mutagenicity/genotoxicity in bacteria but these 
have not been confirmed in in vivo experiments (Papiez et al. 2008, Taj & Nagarajan 1996), 
with oral administration to mice and rats. Quercetin did not induce any significant changes 
in micronuclei, chromosomal aberrations, sister chromatic exchange, unscheduled DNA 
synthesis and alkali-labile DNA damage in somatic cells (da Silva et al. 2002, Harwood et 
al. 2007, Taj & Nagarajan 1996, Utesch et al. 2008). It has also been demonstrated that 
quercetin did not reveal any evidence of carcinogenicity in rats at a dose level up to 2000 
mg/kg body weight. Long-term oral animal toxicity studies have demonstrated the safety of 
dietary quercetin (Harwood et al. 2007). 
There might be two reasons why quercetin is mutagenic in vitro, but not in vivo. First, the 
metabolic fate of quercetin significantly reduces the potential for quercetin mediated 
adverse effects. Especially the first-pass metabolism via O-methylation eliminates structural 
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features that may be responsible for mutagenicity. Second, several protective mechanisms 
exist in vivo to limit the pro-oxidant activity of unmetabolized quercetin. Because of the 
very low-order bioavailability of quercetin, it is unlikely that the antioxidant capacity 
would be saturated (Harwood et al. 2007).  
In 1999, the International Agency for Research on Cancer concluded that quercetin could 
not be classified as being carcinogenic to humans (Hrelia & Angeloni 2013, p. 226). 
According to Harwood et al. (2007) older acute toxicity studies (Sullivan et al. 1951, 
Ambrose et al. 1952) did not specify the purity of the quercetin, and subsequently no toxic 
symptoms were reported in rabbits of intravenous injections of dose levels of 100-150 
mg/kg body weight as two injections up to 136 mg quercetin/kg body weight.  
The toxicity induced by quercetin quinone has been defined as the quercetin paradox, i.e. 
the conversion of quercetin into a potential toxic product while offering protection by 
scavenging ROS. In conclusion, quercetin at estimated dietary intake levels is well tolerated 
and would not be expected to produce any adverse health effects (Harwood, et al. 2007, 
Hrelia& Angeloni 2013, p. 225). 
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3 Aims of the Study 
3.1 METABOLITES OF ALLIUM SPECIES 
The literature of onions has concentrated mostly on total flavonoid concentrations 
including antioxidant and antimicrobial effects, differences in the various layers of the 
onion, including some comparison on yellow and red cultivars of Allium cepa, and the effect 
of the UV-light exposure and storage. The most generally used methods have been total 
phenol measurements, HPLC quantification mostly with DAD-UV detectors with 
identification being conducted by MS/MS measurements. NMR has been rarely used in 
onion metabolic studies. Even although some Allium cepa cultivars have been compared, a 
good comparison of different species and wider profiling of the metabolites is missing. 
Flavonoids of Allium porrum are a rather unknown variety within the onion genus and no 
comparisons of leek cultivars have been done. Wild onions are used in many countries as 
medical plants, however there has never been any profile compiled of the flavonoids or 
other metabolites that they contain. 
Based on this it was decided to concentrate on the following points: 
1. To develop the analytical methods based on MS/MS and NMR for flavonoids and 
other main metabolites of the Allium species.   
2. To study and compare the flavonoids and main metabolites of the Allium cepa 
species, Allium sativum and Allium porrum. 
3. To study and compare the different cultivars of the Allium porrum metabolites and 
flavonoids. 
4. To study other wild Allium species, which are edible but mostly used as perennial 
plant, content of the flavonoids. 
3.1.1 on going studies 
The other Allium species (such as Allium nigrum, Allium psekemense etc.) were also studied. 
The aim of this study was to obtain a better perspective of the existing flavonoids in Allium 
species. Preliminary studies were made, but fresh onion was not available afterwards for 
mass spectrometry studies. 
Crystallization studies were made by gel crystallization, but the crystals developed too 
fast even when the several ambient conditions were altered. The crystals could provide 
information of the chelation effects of these compounds. As well as their possible abilities to 
act as metal ion carriers, which could explain better their activities as antioxidants. 
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4 General Experimental Procedures 
4.1 NMR AND MS METHODS 
4.1.1 1H NMR measurements 
Samples were prepared in a household food blender, the juice was separated and freeze-
dried. The samples were dissolved in D2O and 3-(trimethylsilyl)propionic-d4, acid sodium 
salt was used as the internal standard (articles I-III). NMR spectra were recorded on a 
Bruker AVANCE 500 DRX NMT spectrometer with a 5 mm QNP SB probe and Brucker 
TopSpin software version 1.3pl 10 interfaced with a standard PC (articles I and II). In the 1D 
and 2D measurements and in the quantification of the cultivars spectra (article III) were 
recorded on a Bruker AVANCE III 500 NMR spectrometer equipped with a 5 mm SEI SB 
probe and Bruker TopSpin software version 2.1pl6 (article III). The 1H NMR spectra were 
collected with all of the spectral model creation and the quantification being performed 
with PERCH NMR Software version 2011.1. Compounds being verified based on following 
standard two-dimensional techniques: 1H-1H homonuclear correlation spectroscopy, 1H-1H 
total correlation spectroscopy, 1H-13C heteronuclear single quantum correlation 
spectroscopy and 1H-13C heteronuclear multiple bond correlation spectroscopy. 
 
4.1.2 HPLC and mass spectrometry samples 
Samples were extracted in methanol and the supernatant was removed. The supernatants 
were combined, vaporized using a rotary evaporator, and volume was adjusted with 
MeOH and the final solutions were filtered.  
 
4.1.3 HPLC and mass analysis  
Flavonoids in the extracts were analyzed using an HP 1090 series HPLC equipped with a 
diode array detector operating at 280 nm and 340 nm. Flavonoids were separated on 60 mm 
x 4,6 mm i.d. 3 m Agilent Hypersil ODS column containing C18 as the packing material 
(article IIII). The separation gradient program was optimized separately in articles II and 
III. Each program was followed by a 5 min equilibration period.  
In the characterization of the flavonoids, an HPLC-ESI/MS2 (Thermo LTQ ion trap) mass 
spectrometer was used. The HPLC system consisted of a Finnigan Surveyor MS pump and 
a Finnigan autosampler linked to the HPLC. The mass spectrometry system consisted of a 
Finnigan LTQ linear ion trap spectrometer equipped with an electrospray ion source 
operating in the positive mode. Two scans were conducted in the ion trap spectrometer to 
obtain the MS/MS spectra of the [M+H]+ ions. In the first MS, ions in the range of m/z 280-
800 were measured. In the second MS, the most intense ions from the first MS spectrum 
were selected for the collision-induced dissociation (MS2 experiment). Data acquisition was 
conducted using the Xcalibur 1.4 SR1 software, and identification was based on the 
measured reference spectra of aglycones (appendix I) and fragmentation described in the 
literature.  
 
4.1.4 HPLC quantification 
The quantification of the studied compounds was based on peak areas, by using quercetin 
3-O-glucoside (Sigma, C.A.S. 482-35-9, >90%) as an external standard with known 
concentrations. An internal standard (3’,4’,7,8-tetrahyrdixylflavone, Extrasynthese, C.A.S. 
1307 >905) was also used to synchronize the retention times in the samples (article II), but in 
article III the peak was overlapping and not used. The quantification limit was defined as 
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100 milliabsorbance unit in second (mAU*s) and the integration limit set at sensitive slope 
50. Each analysis was run three times and their average of was used. The concentration of 
the flavonoids was estimated from the external standard equation. 
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5. Quantitative Analysis of Bioactive Components in 
Yellow Onion by CTLS 1H NMR and LC-MS/MS 
(This chapter is modified from original article of Soininen T H, Jukarainen N, Julkunen-
Tiitto R, Karjalainen R, Vepsäläinen J J. The combined use of constrained total-line-shape 1H 
NMR and LC-MS/MS for quantitative analysis of bioactive components in yellow onion. 
Journal of Food Composition and Analysis 2012, 25, 208-214.) 
 
5.1 INTRODUCTION 
Onions (Allium cepa L) are grown in many different climatic areas and relatively stable 
yields are harvested in most years (almost 50 million tons) (Griffiths et al. 2002). There are 
well-known and widely culinary used species of Allium e.g. leek (Allium porrum L.), shallot 
(Allium ascalonicum Hort.), yellow and red onion (Allium cera L.), and garlic (Allium 
sativum). Onions are not only used in food preparation (Lanzotti 2006), but also as 
therapeutic properties i.e. they have effects and activity as diuretic, laxative, headaches and 
parasitic worms (Griffiths et al. 2002). Onion extracts have been reported to have beneficial 
properties against cancer (Galeone et al. 2007, Xiao H & Parkin 2007), cardiovascular 
diseases (Vazquez-Prieto & Miatello 2010), blood pressure (Edwards et al. 2007) and 
inflammatory diseases (Tribolo et al. 2008). 
It is well known that onions are an important source of flavonoids, fructo-
oligosaccharides (FOS), thiosulfinates and other sulphur compounds (Slimestadt et al. 
2007). Onions are a valuable source of quercetin, with concentrations ranging from 100 
mg/kg to 1300 mg/kg depending on cultivar (Slimestad et al. 2007). Interestingly, the 
concentrations of different quercetin glucosides react differentially during storage, for 
instance quercetin-4-glucoside levels have been demonstrated not to change, whereas the 
levels of quercetin-3,4-diglucoside increased by 30-50% (Olsson et al. 2010). Furthermore, 
different cooking methods transform concentrations of quercetin from 0% to 30%, for 
example microwave cooking affects only slightly the concentration of the flavonols (Lee et 
al. 2008, Rodrigues et al. 2009).  
The bioactivity of onions is based on their chemical composition. It is well known that 
onions contain different sugars, amino acids, vitamins, sulfurous compounds, enzymes, 
flavonoids, saponins and minerals (Golubev et al. 2003).  
Onion metabolites have traditionally been analyzed separately by high-performance 
liquid chromatography (HPLC) and mass spectrometry (MS) methods and in some cases 
also capillary electrophoresis (CF) has been used. However, recently it has been found that 
nuclear magnetic resonance (NMR) spectroscopy offers a powerful tool to profile 
simultaneously diverse compounds in a food matrix and to elucidate the effect of genetic 
and environmental factors on metabolic profiles (Lee et al. 2011, Rochfort et al. 2010).  
5.2 MATERIALS AND METHODS 
5.2.1 Onion samples.  
The yellow onions (Allium cepa L) were grown in Finland and bought from a local 
supermarket. Medium size (50 ± 5 g) onions were purchased and stored at +18 ˚C.  
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5.2.2 NMR spectroscopy method 
5.2.2.1 Sample preparation 
Three parallel samples were prepared. The outer dry layer of onions was manually 
removed and the bulb was cut vertically into smaller pieces. About 40g of onion were 
processed using a domestic juice extractor (Bosch MCM5530, 1100W). The juice (18 mL) was 
collected to the micro-centrifuge tubes, and frozen immediately at -20 °C. The juice was 
freeze-dried (Edwards High Vacuum international, England) for 4 h and the freeze-dried 
samples were stored at -20 °C in sealed vials until analysis. 
5.2.2.2 NMR measurements 
All NMR spectra were recorded on a Bruker Avance 500 NMR spectrometer (Bruker-
Biospin GmbH, Karlsruhe, Germany) equipped with a 5 mm quadronuclear SB probe and 
Bruker TopSpin software version 1.3pl10 running on a standard PC. Prior to the NMR 
measurements, the freeze-dried samples were dissolved into 600 l of D2O (99.98%-D, 
Merck) and 400 l of this liquid was transferred to a 5 mm NMR tube followed by addition 
of 25 l of 21.5 mM 3-(trimethylsilyl)-propionic-d4 acid in D2O used as an internal standard 
of known concentration. The 1H NMR spectra were collected with 90° pulse, relaxation 
delay of 40 s, and 256 scans at 300 K. Assignments of the signals were verified using 2D 1H-
1H COSY (homonuclear correlated spectroscopy), 2D 1H-1H TOCSY (total correlation 
spectroscopy), 2D 13C-1H HSQC (heteronuclear single quantum correlation spectroscopy), 
and 2D 13C-1H HMBC (heteronuclear multiple bond correlation spectroscopy) spectra, 
which were acquired for representative samples. The pH of the samples was not adjusted, 
being typically ca. 5.8. 
Two-dimensional 1H-1H homonuclear correlated spectroscopy (COSY) experiments were 
measured with 256 × 2 K data matrix by using 5.1 kHz spectral width. Total correlation 
spectroscopy (TOCSY) experiments were measured with 256 × 1 K data matrix by using 5.1 
kHz spectral width and 60 ms mixing time.  1H–13C gradient-enhanced heteronuclear single 
quantum correlation (HSQC) experiments were carried out in the phase-sensitive mode 
using the Echo/Antiecho-TPPI gradient selection. The data matrix was 256 × 2 K and the 
spectral widths were 5.1 kHz for proton and 27.5 kHz for carbon. An evolution time of 
1/4(JCH) = 1.72 ms was used. For each FID, 8 transients were accumulated. A pure squared 
cosine window function was applied in both dimensions prior to Fourier transform. 1H–13C 
heteronuclear multiple bond correlation (HMBC) experiments were carried out in the 
magnitude mode by using the same matrix size and spectral width as for HSQC. Long 
range coupling constant was set to 8 Hz for each FID, 32 transients were accumulated. A 
pure sine window function was applied in both dimensions prior to Fourier transform. 
Moreover, the recycle time between the pulses should be sufficient long to avoid peak 
saturation. Customarily, short recycling times e.g. less than 5 s leads to <10% saturation of 
nucleus having a long relaxation time and signal integrals are diminished also related to 
saturation. In our experience, a total relaxation time of 43 s (3s acquisition time + 40 s 
relaxation delay) was used to avoid peak saturation. H2O/HDO solvent saturation was 
necessary in freeze-dried samples and it was important to optimize the suppression power 
to avoid spectral distortion and signal reduction nearby to water line at approx. 4.8 ppm. 
 
5.2.2.3 NMR quantification 
The same 31 metabolites and/or signal areas as previously reported in the CTLS protocol 
(Jukarainen et al. 2008) were used in this quantification. In an extension, a combined model 
with metabolite areas and buckets was created. In this model, the non-assigned lines were 
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combined into buckets to form additional variables to reduce the chemical shift variation 
effects. All the spectral model creation and the quantification were performed with PERCH 
NMR Software version 2010.1 (PERCH Solutions Ltd., Kuopio, Finland).  
We also measured 1H NMR reference spectra for quercetin, kaempferol and rutin 
hydrate in a mixture of D2O/CD3CN (acetonitril-d3, 99,96%-D, Sigma) (9:1) to examine the 
possibility of analyzing also these minor components from the 1H NMR spectrum. 
Quercetin: d 7.93 (1H, s), 7.88 (1H, d, J = 8.6 Hz), 7.23 (1H, d, J = 8.6 Hz), 6.69 (1H, s), 6.53 
(1H, s); kaempferol: d 8.11 (2H, d, J = 8.6 Hz), 7.04 (2H, d, J = 8.6 Hz), 6.59 (1H, d, J = 1.7 Hz), 
6.34  (1H, d, J = 1.7 Hz); rutin hydrate: d 7.70 (1H, s), 7.64 (1H, d, J = 8.3 Hz), 7.02 (1H, d, J = 
8.3 Hz), 6.54 (1H, s), 6.32 (1H, s), 4.99 (1H, d, J = 7.6 Hz), 3.74 (1H, m), 3.70 (1H, bs), 3.58-3.27 
(9H, m), 1.08 (3H, d, J = 6.1 Hz).  
 
5.2.3 HPLC and mass spectroscopy measurements 
5.2.3.1 Sample preparation 
Five parallel samples were prepared from the bulbs of yellow onion during one day. The 
outer layer of onions (62 ±10 g) was manually removed and the bulb was cut into small 
pieces. About 10 g (± 0,8 g) of the onion pieces were extracted in methanol (MeOH, 30 mL) 
for 40 min with vigorous shaking and the supernatant was separated. The bulb pieces were 
further washed with (3x10mL) MeOH. Supernatants were combined and vaporized using a 
rotary evaporator at room temperature and the volume was adjusted to 3 mL with MeOH. 
The mixture was centrifuged (3000 g, 5 min) and the final solutions were filtered through 
0.2 mm syringe filters (ø15mm), (RC regenerated cellulose Membrane, Phenomenex). The 
extracts were stored at -20 ºC until analyzed. 
 
5.2.3.2 HPLC-analysis 
Flavonoids were analyzed from the extracts using HP 1090 series HPLC (Agilent 
Technologies, Palo Alto, CA) equipped with a diode array detector operating at 280 nm and 
340 nm. Controlling and data evaluation were done with an HP Chemstation rev. B 03.02. 
Flavonoids were separated on a 60 mm x 4.6mm i.d., 3 m Agilent Hypersil ODS column 
(Agilent, USA) containing C18 as the packing material. Separation was achieved with 
gradient elution with (A) 0.5% v/v formic acid (Sigma 981-100% puriss.p.a.) and (B) 
methanol (J.T. Baker HPLC gradient grade) at 30 °C column temperature with a flow rate of 
1 mL/min. The gradient program was as follows: 0-2 min, 5% B; 5-15 min, 5-20% B; 15-20 
min, 20-30% B; 20-30 min, 50% B; 30-35 50-100% B followed by 5 min equilibrium time. The 
injection volume was 20 L. 
 
5.2.3.3 Mass measurements 
Flavonoids were characterized using an HPLC-ESI/MS/MS (Thermo LTQ ion trap) mass 
spectrometer. The HPLC system consisted of a Finnigan Surveyor MS pump and a Finnigan 
auto sampler (Thermo Electron, USA) using the column conditions described above. The 
mass analysis system consisted of Finnigan LTQ linear ion trap spectrometer equipped 
with Finnigan ion mode operating in a positive mode (Thermo Electron, USA). Instrument 
conditions: nitrogen sheath gas flow 30 arbitrary units, spray voltage 3.8 kV, capillary 
temperature 250 ˚C, capillary voltage 33 V and tube lens voltage 80 V. In the first MS, ions 
in the range of m/z 280-800 were measured. In the second MS, the most intense ions from 
the first MS spectrum were selected for the collision induced dissociation (MS2 experiment) 
and expected fragment ions from parent ions m/z 789, 641, 627, 479 and 465 reported by 
Bonaccorsi et. al. 2005 were detected as well as aglycones 303 and 317. Data acquisition was 
conducted by using Xcalibur 1.4 SR1 software and identification was based on measured 
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reference spectra of aglycones and fragmentation described in the following references 
(Cuyckens & Claeys 2004, Tsimogiannis et al. 2007, Vukics & Guttman 2010). 
 
5.2.3.4 HPLC and mass quantification 
The quantification of the studied compounds was based on peak areas, with quercetin 3-O-
glucoside (Sigma C.A.S. 482-35-9 >90%) being used as an external standard. Calibration 
lines were obtained using MeOH solutions of known concentration (10-300 mg/L) and the 
calibration line equation for the external standard was 14.853 + 7.5005, R2= 0.9979. We also 
used an internal standard (3’, 4’, 7, 8-tetrahydroxylflavone, Extrasynthese, C.A.S. 1307 
<90%) to synchronize the retention times. Three analyses for each extract were done and 
results are given in mg/kg of fresh weight (FW) onion.  
5.2.3.5 Chemicals 
Formic acid (Sigma, Steinheim, Germany, 981-100% puriss.p.a.), methanol (J.T. Baker, 
Deventer, Netherlands, HPLC gradient grade), acetonitril-d3, (Sigma, Steinheim, Germany, 
99.96%-D), 3-(trimethylsilyl)-propionic-d4 (Sigma, Steinheim, Germany, D2O (Merck, 
Darstadt, Germany, 99.98%-D) were used as solvents in the HPLC and NMR- analyses. 3’, 
4’, 7, 8-tetrahydroxylflavone, Extrasynthese, Geny France, C.A.S. 1307, ≥99%), quercetin 3-
O-glucoside (Sigma Steinheim, Germany, C.A.S. 482-35-9, >90%), were used as internal and 
external standards in HPLC-analysis. Kaempferol (Extrasynthese, Geny France, C.A.S. 520-
18-3, ≥90%), isorhamnetin (Extrasynthese, Geny France, C.A.S. 480-19-3, ≥90%), quercetin 
(Sigma Steinheim, Germany, C.A.S. 117-39-5, >98%), rutin hydrate (Sigma Steinheim, 
Germany, C. A. S. 207671-50-9, >94%), quercetin 3,4’ di-O-glucoside (Extrasynthese, Geny 
France, C.A.S. 29125-80-2, ≥98.5%), quercetin 4’-O-glucoside (Extrasynthese, Geny France, 
C.A.S. 20229-56-5, ≥95%), quercetin 7-O-glucoside (Phytolab, Vestenbergsgreuth, Germany, 
C.A.S. 491-50-9, 90%), kaempferol-3-glucoside (Extrasynthese, Geny France, C.A.S. 480-10-
4, ≥90%) were used as reference compounds for fragmentation pathways and reference 1H 
NMR spectra. 
The 20 mM carbohydrate solutions in D2O were made in 5mm NMR tubes: D (+)-
galactose (Sigma, Steinheim, Germany, C.A.S. 59-23-4, 99%), D (+)-xylose (Sigma, 
Steinheim, Germany, C.A.S. 58-86-6, 99%), D (+) –mannose (Sigma, Steinheim, Germany, 
C.A.S. 3458-28-4 99%), D (+) glucose (Sigma, Steinheim, Germany, C.A.S. 57-99-7, 99.5%), 
D(-)-fructose (Sigma, Steinheim, Germany, C.A.S. 57-48-7, 99%), D(-) –ribose (Sigma, 
Steinheim, Germany, C.A.S.50-69-1, 98%), maltose (C-.A.S. 6363-53-7, 99%), sucrose (Sigma, 
Steinheim, Germany, 57-50-1, 99.5%). L(+) –arabinose (Sigma, Steinheim, Germany, C.A.S. 
5328-37-0, 99%), kestose (Sigma, Steinheim, Germany, C.A.S. 470-69-9, 98%) nystose (Sigma, 
Steinheim, Germany, C.A.S. 13133-07-8, 98%), Tartaric acid (Sigma, Steinheim, Germany, 
C.A.S. 87-69-4, 99.5%), Oxalic acid (Sigma, Steinheim, Germany, C.A.S. 6153-56-6, 99%), DL-
malic acid  (Sigma, Steinheim, Germany, C.A.S. 6915-15-7, 99%), Citric acid (Sigma, 
Steinheim, Germany, C.A.S. 5949-29-1, 99%), Fumaric acid (Sigma, Steinheim, Germany, 
C.A.S. 110-17-8, 99%), L-glutamic acid (Sigma, Steinheim, Germany, C.A.S. 56-86-0, 98.5%). 
5.3 RESULTS AND DISCUSSION 
5.3.1 CTLS-analysis insights 
Since the area determination for overlapping NMR signals by traditional means (bucketing, 
integrating) is problematic and produces inaccurate results, methods using a totally 
different approach have been created, including methods that use deconvolution, or total-
line-shape (TLS) fitting of the spectral signals. Deconvolution is based on peak fitting onto 
the observed spectrum by using a least-squares based method. The fitting requires some 
  
53 
peak parameters (signal frequency and height, line width and line shape) that can be 
acquired by using prior knowledge, a spectral parameter library, calculations or estimates, 
or by performing peak picking. Deconvolution algorithms however will commonly find the 
local minimum only so in this case prior knowledge is essential in performing a good initial 
guess thus facilitating the finding of the global minimum. 
Many methods commonly in use only make use of a database to acquire the initial values 
needed. This database contains model spectra of pure individual components recorded 
with certain parameters in e.g. a certain pH and the mixture spectrum is created as a linear 
sum from the model spectra. Programs such as LCModel (Provencher 1993, 2001, 2009), 
Bruker AMIX (AMIX, Bruker Biospin GmbH, 2009), and the Chenomx NMR Suite (Weljie et 
al. 2006, Weljie et al. 2008) Chenomx NMR suite, Chenomx Inc. 2009 (Saude et al. 2006) 
have been developed for this purpose. Model based approaches however require a huge 
database since spectral conditions can vary a lot and each condition demands its own entry. 
Another problem with these approaches is that commonly no variation in peak frequencies 
is allowed. Since the frequencies of NMR signals depend on e.g. pH and ionic strength, this 
can lead to uncertainties of signal positions and therefore generate quantification errors. 
Other applications attempting to overcome the above mentioned problems have been 
reported; a method based on weighted least-squared fitting (Gipson et al. 2006), and a 
further one based on linear least-squares fitting by using singular value decomposition (Xu 
et al. 2006). Another recently introduced method (Zhang & Brüschweiler 2007) used total-
correlation spectroscopy combined with covariance NMR to deconvolute the mixture 
spectra into its components, thus allowing the quantification of overlapping signals. 
Deconvolution can also be done by simply adding the wanted signals to the spectrum 
and fitting the parameters for each signal. A basic deconvolution is available in many 
software packages, but programs fitting hundreds or thousands of signals simultaneously 
and combining the even useful prior knowledge with a spectral database are rare. So far, 
only one software package, the PERCH NMR Software (PERCH Solutions Ltd., 2010, 
Kuopio, Finland) is available. More specifically, the TLS program included contains 
advanced deconvolution protocols based on a Gauss-Newton type iterative algorithm 
(Stoer & Bulirsch 1983, pp. 209-215). Prior knowledge can be used to create constraints 
derived from spectral structures and this data, e.g. chemical shift information, coupling 
constants and multiple structures, can then be combined to act as a guideline in the TLS 
fitting. It has previously been demonstrated that constraints describing spectral structures 
improve the statistics of concentrations obtained by TLS analysis (Laatikainen et al. 1996). It 
should however be noted that overlap or closeness of very large signals leads to problems 
in estimation of the signal areas (Soininen et al. 2005). 
An extension of the “normal” TLS fitting, constrained total-line-shape (CTLS) fitting, 
applying the above mentioned constraints has been recently presented and applied for 
studies of CSF metabolomics and neurological disorders (Jukarainen et al. 2008). In the case 
of CTLS, prior knowledge is used to create spectral structures that could be incorporated 
into the fitting algorithm. The multiplet structures (the relative positions and intensities of 
the signals), can be obtained by measuring a single component spectrum and performing 
the TLS fitting on pure component multiplets, much like described elsewhere (Crockford et 
al. 2005, Weljie et al. 2006). However, in CTLS fitting the structures are defined for the 
program as line positions and intensities or constraints instead of prefit lineshape curves. 
These spectral parameters are then iterated, enabling the CTLS algorithm to automatically 
adapt to small changes in line positions and intensities and, furthermore, to baseline 
differences as well. This approach also suits signals which do not obey any strict rules 
arising from the spinsystem. As another example, lipoprotein sub-fraction signals can be 
treated in this way (Ala-Korpela et al. 2007). For a more detailed description of the CTLS 
protocol the reader is suggested to see the reference in which it was first reported 
(Jukarainen et al. 2008). 
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5.3.2 Quantification of the compounds in onions by 1H NMR spectroscopy 
The 1H NMR spectrum measured from an aqueous onion juice contained three parts: 
aromatic protons at 9-6 ppm, sugars at 5.5-3.2 ppm, and aliphatic protons (e.g. amino acids 
and organic acids) at 3.0-0.8 ppm (Figure 9).  
 
 
 
Figure 9. The 1H NMR overview spectrum of the onion region parts: aromatic protons at 9 - 6 
ppm, sugars at 5.5 - 3.2 ppm and aliphatic protons at 3.0 - 0.8. Abbreviation as follows: trp = 
tryptophan, phe = phenylalanine, tyr = tyrosine, glc = glucose, fru = fructose, kenys = kestose 
+ nystose, leu = leucine, val = valine, ahb =α-hydroxybutyrate, thr = threonine, pyr = 
pyruvate, glu = glutamate, gln = glutamine, arg = arginine. 
 
Integral volumes of these areas are approx. 1%, 90% and 9%, respectively; the number of 
different metabolites in each group varied from a couple of different saccharides to a dozen 
of amino acids and aromatic compounds. The identification and the quantification of amino 
acids and sugars were readily achieved, but the aromatic region, excluding the aromatic 
amino acids, were more complicated to analyze due to the relatively strong protein 
background and the comparatively small signal intensities of the flavones and their sugar 
derivatives. These results are in line with previous results where metabolites such as 
specific sugars, organic acids, amino acids and volatiles were readily identified and 
quantified from grape wines (Mazzei et al. 2010, Rochfort et al. 2010) and onions (Tardieu et 
al. 2010) by NMR spectroscopy. However, NMR has poor sensitivity as compared to MS, 
and therefore it proved difficult to analyze flavonols and their sugar derivates with NMR 
spectroscopy due to the small signal intensities. These secondary metabolites are chemically 
complex and occur frequently at low concentrations in plants and the signal overlapping in 
NMR spectra hinders the identification and reliable quantification of these compounds 
(Kim et al. 2011). Flavonols and their sugar derivatives were successfully identified and 
quantified with mass spectrometry operating in the positive mode. However, the NMR 
profile can be achieved easily from metabolites, which are occurring in 10-50 mg scale of 
biomass (Kim et al. 2011). Multivariate statistical analysis combined with NMR spectra 
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provides a rapid and efficent method for the quantification of the relevant metabolites 
related with important quality attributes in onion.  
 
5.3.2.1 Saccharides 
Sugars, monosaccharides glucose (Glc), fructose (Fru), disaccharide sucrose (suc) and 
fructo-oligosaccharides, such as 1-kestose (Kes) and nystose (Nys), were the most abundant 
saccharides detected in our onion NMR-sample. The main problemis encountered in 
carbohydrate analysis due to their similar structures, which give rise to complex signal 
patterns in a narrow 4.2-3.2 ppm region, as shown in Figure 10.  
 
 
Figure 10. (midfield region). The 1H NMR spectrum of the onion sugar region at 4.4 -3.1 ppm 
showing the quantified signals of the metabolites. Abbreviations as follows: glc = glucose, fru = 
fructose, kenys = kestose + nystose. The observed spectrum is colored in red and those not 
assigned signals in purple. 
 
The most abundant Glc (blue line) and Fru (green line) are easily identified and 
quantified based on their rather well separated multiplets, but Kes and Nys overlapped 
with each other almost completely and were difficult to quantify separately. Therefore the 
quantification is reported as a sum of the values of Kes and Nys. The presence of Kes and 
Nys was confirmed by performing spiking experiments in which extra Kes and Nys was 
added to the onion juice. There is also signal belonging to sugars at ca. 5.4, 5.2 and 4.6 ppm, 
but these are only doublets and not a characteristic for the structure as the signals at 3.8 ± 
0.6 ppm. These results are in agreement with previous results (Jaime et al. 2001, Rodriguez-
Galdon et al. 2009) indicating that fructose oligomers together with glucose, fructose and 
sucrose are the main nonstructural carbohydrates found in onion. However, one of the 
reason for the difficulty in separating some minor onion saccharides such as Kes and Nys, 
may be due to the extraction procedure as this has been demonstrated to have a major 
impact on the concentration of nonstructural carbohydrates detected in onions (Cazor et al. 
2006, Davis et al. 2007) and the NMR spectral resolution can be complicated by 
contamination with lipids that may affect the spectral regions containing the resonances of 
the aliphatic amino acids (Kaiser et al. 2009). Furthermore, it has been previously reported 
(Cazor et al. 2006) that a  reliable quantification of fructose by 1H NMR is difficult due to 
resonance overlapping and the coexistence of several fructose isomers. 
Our data indicate that most of the carbohydrates can be readily identified and quantified 
by 1H NMR methods suggesting that major factors during cultivation and storage affecting 
the quantitative changes in a wide range of onion carbohydrates can be now easily 
monitored. Onion carbohydrates, fructo-oligosaccharides (FOS), monosaccharides (glucose 
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and fructose) and disaccharides (sucrose) plays important roles in onion biology conferring 
protective properties against cold and drought conditions (Ritsema & Smeekens 2003), 
post-harvest decay and contributing important quality attributes (Jaime et al. 2001). Onions 
are also a major source of dietary fructans, accounting for about 25% of the average 
American intake (Moshfegh et al. 1999). Beneficial roles for human health of onion inulin-
type fructans such as their prebiotic effect, their ability to decrease levels of insulin, 
cholesterol, triacylglycerol and phospholipids have been reported (Ritsema & Smeekens 
2003) suggesting in the future, individuals may be recommended to consume a high fructan 
diet carbohydrates present in onions, this will become an important target in onion 
breeding and management practices.  
 
5.3.2.2 Amino acids 
The onion samples contained high amounts of amino acids (Figure 11), which are indicated 
by pyruvate and α-hydroxybutyrate. The chemical shifts of the quantified compounds were 
obtained from the literature and verified by using 2D and J-resolved NMR spectra.    
 
 
Figure 11. (aliphatic region). The 1H NMR spectrum of the onion aliphatic region at 2.5 - 0.8 
ppm showing the quantified signals of the metabolites. Abbreviations as follows: leu = leucine, 
val = valine, ahb = α-hydroxybutyrate, thr = threonine, pyr = pyruvate, glu = glutamate, gln = 
glutamine, arg = arginine. The observed spectrum is colored in red and those not assigned 
signals in purple.  
 
Most of the signals were rather well resolved from each other but in some cases, such as 
valine, leucine and α-hydroxybutyrate, the peaks overlapped with each other strongly. The 
advantage in our method compared to other methods is that it uses CTLS constraints such 
as the doublet definition, which allow reliable quantification of these compounds. Aromatic 
amino acids were also present and quantified separately (Figure 12).  
 
  
57 
Figure 12. (aromatic region). The 1H NMR spectrum of the onion aliphatic region at 6.4 - 8.4 
ppm showing the quantified signals of the metabolites. Abbreviation as follows: trp = 
tryptophan, phe = phenylalanine, tyr = tyrosine. The observed spectrum is colored in red and 
those not assigned signals in purple. 
 
5.3.2.3 Aromatic compounds 
The analysis of the other aromatic compounds as flavonoids were challenging due to the 
small amounts of the components compared to aromatic amino acids (phenylalanine, 
tyrosine, tryptophan) and also to the presence of background signals, which possibly arise 
from proteins. Moreover, reference spectra in D2O of the most common flavonic 
compounds were difficult to obtain due to the poor water solubility of these compounds, 
for example, quercetin 50 mM, (Kim et al. 2009). Reasonable reference spectra for quercetin, 
kaempferol and rutin hydrate in a mixture of D2O/CD3CN (9/1) were achieved after testing 
several mixtures of solvents and water. However, the amounts of these compounds were 
below our quantification limit (ca. 5 mmol/ml) in 1H NMR spectrum. 
We measured 1H NMR spectra from some pure compounds, e.g. 1-kestose and nystose, 
to verify our NMR assignment. A total of, 17 compounds were assigned from 1H NMR 
spectrum and are shown in Table 18. Even though several signals still remain unidentified, 
this does not affect the quantification results, since every signal is quantified, whether it is 
assigned or not.  
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Table 18. 1H NMR quantified metabolites of the yellow onion (n=3). 
 
Metabolic mmol (mmol/ml)a g/kg 
GLC 342.4 ± 37.1 0.81 ± 0.09 12.9 ± 1.4 
FRU 1107.4 ± 586.1 2.61 ± 1.37 41.8 ± 22.1 
SUC 410.4 ±192,1 0,97 ± 0,45 33.8 ± 15.8 
KENYS 1939.1 ± 1007.8 4.56 ± 2.37 210.4 ± 109.4  to 270.5 ± 140.6* 
TRP 0.7 ± 0.3 b 0.02 ± 0.01 
PHE 6.5 ± 0.8 0.02 ± 0.002 0.2 ± 0 03 
TYR 4.0 ± 1.0 0.01 ± 0.002 0.2 ± 0,03 
LEU 3.8 ± 0 6 b 0.1 ± 0,02 
GLN 128.0 ± 72.5 0.30 ± 0.17 3.9 ± 2.2 
GLU 12.1 ± 8.6 0.03 ± 0,02 0.4 ± 0,3 
LYS 99.9 ± 60.6 0.24 ± 0.14 3.1 ± 1.9 
ARG 58.5 ± 30.8 0.14 ± 0.07 2.1 ± 1.1 
ALA 1.0 ± 0.7 b 0.02 ± 0,01 
THR 4.3 ± 1.9 0.01 ± 0.004 0.1 ± 0,05 
VAL 2.2 ± 0 4 b 0.05 ± 0,01 
AHB 2.3 ± 1.1 b 0.07 ± 0,03 
PA 64.1 ± 15.4 0.15 ± 0.04 1.2 ± 0,3 
*value depends on kestose/nystose ratio (42.7 if only kes and 54.9 if only nys). a concentrations are 
small, two decimals are needed. b value below 0.01 
Abbreviation as follows: glc = glucose, fru = fructose, kenys = kestose + nystose, trp = tryptophan, phe = 
phenylalanine, tyr = tyrosine, leu = leucine, gln = glutamine, glu = glutamate, lys= lysine, arg = arginine, 
ala= alanine, thr = threonine, val = valine, ahb = α-hydroxybutyrate and pa = pyruvate. 
 
5.3.3 Quantification of aromatic compounds by mass spectrometric methods 
The quantification of aromatic compounds other than aromatic amino acids proved to be 
difficult with 1H NMR spectroscopy although some quercetin sugar derivatives are present 
at rather high concentrations. We developed a mass spectrometry method operating in the 
positive mode based on published methods (Tsimogiannis et al. 2008, Vucks & Guttman 
2010). Seven compounds from yellow onion were determined as quercetin 3,7,4’- 
triglucoside (M+H)+ 789, quercetin 7,4’-diglucoside (M+H)+ 627, quercetin 3,4’-diglucoside 
(M+H)+ 627, isorhamnetin 3,4’-diglucoside (M+H)+ 641, quercetin 3-glucoside (M+H)+ 465, 
quercetin 4’-glucoside (M+H)+ 465 and isorhamnetin 4’-glucoside (M+H) 479 based on 
HPLC-ESI-MS/MS (Table 19). Phenolic compounds have been previously identified from 
red onion by using a negative ionization mode (Bonaccorsi et al. 2005) and positively 
charged ions have been occasionally used in MS2 and MS3 fragmentation studies (Zettersten 
et al. 2009). The fragmentation pathways for the identified compounds in MS2 and MS3 are 
given in the supplementary part and these compounds in yellow onion are in agreement 
with those performed from red onion under a negative mode as reported by Bonaccorsi et 
al. (2005) 
 
 
 
 
 
 
  
59 
 
 
Table 19. Content of flavonol glucosides in Finnish yellow onions (Allium cepa) in fresh weight 
(n=5). 
 
Quercetin 3,7,4’ -triglucoside [M+H]+ mg/kg 
Quercetin 7,4’-diglucoside 789 4.0 ± 2.5 
Quercetin 3,4’- diglucoside 627 3.4 ± 0.6 
Isorhamnetin 3.4-diglucoside 627 409.2 ± 133.3 
Quercetin 3-glucoside 641 10.4 ± 5.0 
Quercetin 4’-glucoside 465 13.5 ± 7.0 
Isorhamnetin 4’-glucoside 465 260.6 ± 142.4 
 479 21.9 ± 11.0 
5.4 Conclusions 
In this work a protocol for quantification of a 1H NMR spectrum based on constrained 
total-line-shape fitting, was utilized in the analysis of onion metabolites. The CTLS 
approach helps to minimize problems arising from signal overlap, chemical shift variations 
and spectral artifacts, including protein background. In this approach, almost any the 
spectral regularities can be conveniently incorporated into the spectral model and most 
importantly, overlapping signals can be reliably quantified. 
On the basis of the results, it can be concluded that CTLS-based NMR metabolomics is 
an efficient method of acquiring metabolite concentrations to be used in further analyses. 
The results from the 1H NMR experiments were comparable to the published results in, e.g. 
the amount of fructose is typically 50-330 g/kg depending on the harvest year (Davis et al. 
2007). The developed CTLS 1H NMR method is an efficient technique for use in analyzing 
compounds with concentrations on g/kg scale and it represents a powerful tool for 
measuring diverse compounds in a food matrix. The quantities of flavonols and their sugar 
derivates are present at in low concentrations in plants and are difficult to analyze based on 
NMR methods. However, these metabolites were easily analyzed based on the developed 
mass spectrometry method operating in the positive mode. 
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6 Quantitative Metabolite Profiling of Edible Onion 
Species by NMR and HPLC-MS 
 
(This chapter has modified for original article “Soininen T H, Jukarainen N, Auriola S, 
Julkunen-Tiitto R, Karjalainen R, Vepsäläinen J J. 2012 Quantitative metabolite profiling of 
edible onion species by NMR and HPLC-MS, Food Chemistry, 
6.1 INTRODUCTION 
High-performance liquid chromatography (HPLC) (Kahane et al. 2001, Våger & Slimestad 
2008, Olsson et al. 2010) and mass spectrometry (MS) (Bonaccorsi et al. 2008, Davis et al. 
2007) have been widely used to analyze onion metabolites. However, nuclear magnetic 
resonance (NMR) spectroscopy is a powerful tool for simultaneously profiling a wide 
variety of compounds present in plants (Lee et al. 2011, Rochfort et al. 2010). The NMR 
method is a rapid and inexpensive technique with uncomplicated sample preparation and 
it is superior to conventional methods in revealing important onion metabolites, which are 
related to factors such as taste, health and safety. However, although the quantification of 
metabolites with separated spectral signals has been relatively well documented, as 
described by Tardieu et al. (2010), in situations where there are overlapping signals are 
needs to resort to improved more sophisticated quantification techniques (e.g. sugars and 
some amino acids in onions).  
Among the Allium species, yellow and red onions (A. cepa) and shallots (A. ascalonicum 
Hort.) are the most commonly sold, but leek (A. ampeloprasum) and garlic (A. sativum L.) are 
also very important foods for consumed throughout the world. The genus Allium comprises 
of around 750 species (Friesen et al. 2006). However, only a tiny fraction of this vast Allium 
resource is being exploited due to the lack of information of which potentially important 
metabolites may be present in onion species. Differences in the metabolites present in onion 
species may reflect their physiological adaptation to different environmental conditions 
during the domestication process. 
The concentrations of flavonoids vary widely between species and among genotypes. 
Interestingly, sweet onion contains two-three times more isorhamnetin 4’- glucoside than 
red onion cultivars (Olsson et al. 2010). Up to11-fold differences have been reported in the 
flavonoid contents of different onion cultivars (Yang et al., 2004). However, little is known 
about the flavonoids present in the other Allium species. The carbohydrate profile may also 
vary between the onion cultivars (O’Donoghue et al. 2004, Lee et al. 2009).  
Recently, we demonstrated the feasibility of using a constrained total-line-shape (CTLS) 
approach in the NMR quantification of onion metabolites (Soininen et al. 2012). This novel 
approach permitted reliable quantification of overlapping metabolites from 1H NMR 
spectroscopy and was postulated to be a powerful tool in the quantitative analysis of onion 
metabolites. The aim of the present work was to provide new information about the overall 
composition of sugars, organic acids, amino acids and flavonols among edible Allium 
species using this approach. 
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6.2 MATERIALS AND METHODS 
6.2.1  Onion samples.  
Finnish onions (yellow, red and round shallot), German long shallot, French leek and 
Chinese garlic were randomly obtained from a local supermarket. Onions (50 ± 5 g), leeks 
(80 ± 20 g) and garlic (48 ± 4 g), each of as equal size as possible. The vegetables stored at 
+18 °C. One items individual represented one sample. 
 
6.2.2 NMR spectroscopy method 
6.2.2.1 Sample preparation 
Juice samples (n=3) were prepared from the bulb of each item. Leek samples were cut into 
segments, 4cm of each part (white, greenish and green). The outer dry layer of the onions 
was removed manually and the bulb was cut into smaller pieces. About 40 g of yellow and 
red onion, shallots and leek and 30 g garlic were processed using a domestic juice extractor 
(Bosch MCM5530, 1100W). Approximately 18 mL (± 2 mL) juice was obtained from yellow 
and red onions. Long shallot produced only 10 mL (± 2 mL) of juice, garlic 9 mL (± 1 mL) 
and leek 12 ml (± 2 mL). The juice was poured into micro-centrifuge tubes and frozen 
immediately at -20 °C. The samples were stored for 2 hour at -80 °C and then freeze-dried 
(Edward, England) for 4 hours until next day. The freeze-dried samples were stored at -20 
°C in sealed vials until analysis. 
6.2.2.2 NMR measurements and quantification 
All NMR spectra were recorded on a Bruker Avance 500 DRX NMR spectrometer (Bruker-
Biospin GmbH, Germany) equipped with a 5 mm QNP quadronuclear probe and Bruker 
TopSpin software version 1.3pl 10 running on a standard PC. Prior is to the NMR 
measurements. Freeze-dried samples were dissolved into 600 L (with the exception of 
long shallot, which was dissolved in 1200 L) D2O (99.98 %-D, Merck). A volume of 450 L 
of this mixture was filtered through a 0.2 mm syringe filter (ø15 mm, RC regenerated 
cellulose Membrane, Phenomenex) and transferred into a 5 mm NMR tube. A volume of 25 
L (except garlic, 50 L) of 21.5 mmol/l 3-(trimethylsilyl)-propionic-d4 acid (TSP) was 
added as an internal standard. The pH of the samples was typically about 5.8. The 1H NMR 
spectra were collected with 64 scans (pulse angle 90°, 300 K) using a 43 s total relaxation 
delay (3 s acquisition time + 40 s relaxation delay) to avoid peak saturation. H2O/HDO 
solvent saturation was necessary in the freeze-dried samples and it was important to 
optimize the suppression power to avoid spectral distortion and signal reduction adjacent 
to the water line at approximately 4.8 ppm. Assignment of the signals was verified using 
the techniques described earlier (Soininen et al. 2012). The spectral processing and signal 
quantification were performed with PERCH NMR Software version 2011.1 (PERCH 
Solutions Ltd., Kuopio, Finland). Protein concentrations were measured using a commercial 
Coomassie (Bradford) Protein Assay Kit.  
 
6.2.3 HPLC and mass spectroscopy measurements 
6.2.3.1 Sample preparation 
The samples (n=5) were prepared from the bulbs of each onion species. The outer layers of 
yellow onion (A. cepa) (62 ± 10 g), red onion (A. cepa) (79 ± 23 g), round shallot (A. cepa var. 
aggregatum/Allium ascalonicum Hort.),) (23 ± 2 g), long shallot (A. cepa var aggregatum/Allium 
ascalonicum Hort.),) (68 ± 5 g), leek (A. ampeloprasum var. porrum) (92 ± 12 g) and garlic (A. 
sativum L.) (38 ± 6 g) were manually removed and the bulbs cut into small pieces. About 11 
g (± 0.5 g) of the onions and garlic and 33 g (± 0.5 g) of the leek were extracted in methanol 
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(100% MeOH, 30 mL, 40 min) with vigorous shaking and the supernatant collected. The 
bulb pieces were washed with 2 x 30 mL MeOH and the supernatants combined and dried 
using a rotary evaporator before being re-suspended in 3 mL MeOH. The MeOH-sample 
was centrifuged (3000g, 5 min) and filtered using 0.2 mm syringe filters (ø15 mm, RC 
regenerated cellulose Membrane, Phenomenex). The extracts were stored at -20 °C until 
analysis (next day). 
6.2.3.2 HPLC-analysis 
The extracts were analyzed using HP 1090 series HPLC (Agilent Technologies, Palo Alto, 
CA) equipped with a diode array detector operating at 280 nm and 340 nm to detect the 
flavonoids. Data controlling and evaluation were performed with an HP Chemstation rev. 
B 03.02. The flavonoids were separated on a 60 mm x 4.6 mm i.d., 3 m Agilent Hypersil 
ODS column (Agilent, USA) containing C18 as the packing material. Separation was 
achieved with gradient elution with 0.5% v/v (A) formic acid (Sigma, 98-100% puriss p.a) 
and (B) methanol (J.T.Baker HPLC gradient grade) at 30 °C column temperature at a flow 
rate of 1 mL/min. The gradient program (except for leek) was as follows: 0-2 min 5% B, 5-15 
min 5-20% B, 15-20 min 20-30% B, 20-30 min 50% B, 30-35 min 50-100% B followed by 5 min 
equilibrium time. The injection volume  (except leek) was 20 L. The leek samples were 
analyzed with the following gradient program: 0-2 min 5% B, 2-10 min 20% B, 10-18 min 
40% B, 18-25 min 100% B, 25-27 min 5% B, 27-32 min 5% B. The injection volume was 10 L.  
6.2.3.2 Mass spectrometry measurements 
An HPLC-ESI/MS/MS mass spectrometer was used to characterize the flavonoids. The 
HPLC was implemented with an Agilent 1200 HPLC (Agilent, USA) as described above. 
The same column conditions were used as described in the HPLC analysis (section 2.3.1). 
The mass analysis system consisted of a Finnigan LTQ linear ion trap spectrometer 
equipped with an electrospray ion source in the positive mode (Thermo Electron, San Jose, 
USA). The following instrument conditions were used: nitrogen sheath gas flow 30 
arbitrary units, spray voltage 3.8kV, capillary temperature 250 ˚C, capillary voltage 33V and 
tube lens voltage 80V. In the first MS event, the full scan mass spectrum in the range of m/z 
280-800 was measured. In the second MS event (dependent MS2 scan), the most intense ions 
from the full scan mass spectrum were selected for the collision-induced dissociation (MS2 
experiment). In the targeted MS2 measurement, the parent ions m/z 789, 773, 697, 641, 627, 
611, 479, 465 and 449 were selected for the product ion scan precursors. In a separate scan, 
aglycone ions were formed by source dissociation using high voltage (80V). The aglycone 
ions were further identified by collision- induced dissociation (CID). Data acquisition was 
conducted with Xcalibur 1.4 SR1 software and identification was based on molecular 
fragmentation, and a comparison with the measured reference compound spectra of 
aglycones and fragmentation as described previously (Cuyckens & Claeys 2004, 
Tsimogiannis et al. 2007, Vukics and Guttman 2010) the pathway was followed from the 
protonated ion to aglycones, which are included in supplementary material. The 
identification of aglycone MS2 fragmentation was based on the characteristics of the 
reference molecule fragments (kaempferol, quercetin and isorhamnetin). 
6.2.3.3 HPLC and mass quantification 
The quantification of the studied compounds was based on the peak areas The peak 
measurement limit was 100mAu and quercetin 3-O-glucoside (Sigma C.A.S. 482-35-9 >90%) 
was used as an external standard. Calibration lines were obtained using MeOH solutions of 
known concentrations (10-200 mg/L) and the calibration equation for the external standard 
was 14.853 + 7.5005, R2=0.9979. We also used an internal standard (3’, 4’, 7, 8-
tetrahydroxylflavone, Extrasynthese, C.A.S. 1307 >90%) to synchronize the retention times. 
The internal standard could not be used with leek and garlic samples because of 
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overlapping peaks. Three analyses for each extract were performed and the average for 
flavonols was expressed in mg/kg of fresh weight (FW). 
6.2.3.4 Chemicals  
This section Identical to chapter 5 section 5.5.3.5. Chemicals. 
6.3 RESULTS AND DISCUSSION 
NMR and HPLC-MS methods were used to reveal differences in metabolite among edible 
onion species. A total of 18 compounds from each of the samples were quantified 
simultaneously using the CTLS method described earlier (Soininen et al. 2012). Moreover, 
as shown in Table 20, two additional metabolites (fumaric acid and malic acid) were 
identified and added to the metabolite profile. 
In order to elucidate the differences in major carbohydrates, five different onion species 
were subjected to NMR analysis. The data (Table 20) revealed the presence of glucose, 
fructose, kestose and nystose in all Allium species investigated. The concentrations of 
sugars varied in the range 2.8-14.9 g for glucose, 5.7-54.1 g for fructose, 1.6-33.8 g for 
sucrose and 25.8-408.5 g for kestose/nystose per kg FW. These levels are in agreement with 
previous results for fructose, glucose and sucrose measured using traditional HPLC, 
MALDI-MS and NMR methods (Jaime et al. 2001, Davis et al. 2007, Tardieu et al. 2010). The 
highest concentrations of glucose and sucrose were detected in yellow onion. The levels of 
these carbohydrates not only vary widely among Allium species, but also between cultivars 
(O`Donoghue et al. 2004, Våger & Slimestad 2008). Previously, (Ernst et al. 1998), divided 
Allium species into three groups based on their fructan content. In this work, the highest 
amounts of fructose and fructo-oligosaccharides (kestose/nystose) were found in garlic with 
the lowest amount in long shallot. Fructans are polysaccharides, which are formed through 
the cumulative addition of fructosyl group to a sucrose molecule (Kahane et al. 2001). These 
compounds have been postulated to confer multiple health benefits (Roberfroid 1997, 
Ritsema & Smeekens 2003, Sabater-Molina et al. 2009) such as stimulation of bifidobacterial 
growth (Tokunaga et al. 1993, Bornet et al. 2002), and reducing the risk of osteoporosis by 
increasing mineral absorption (Kaur & Gupta 2002). Interestingly, the total fructan 
concentration has been shown to decline from the youngest to the oldest leaf bases in the 
onion bulb, while fructose levels increased and sucrose levels remained relatively constant 
(Darbyshire & Henry, 1978). The fructan levels are also believed to decline during storage 
and this, apparently, reduces the storage life of onions (Suzuki & Cutcliffe, 1989, Hansen, 
1999).  
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In some cases (Figure 13), the presence of a sucrose doublet overlapping with several 
other sugar signals (fructose, kestose, nystose) of varying quantity, and despite their small 
size, could interfere with the quantification. This problem has also been noted previously 
the use of this technique to analyze in carrots (Cazor et al. 2006) where the reliable 
quantification of fructose by 1H NMR was complicated by because of resonance 
overlapping and the coexistence of several fructose isomers. In this work, the CTLS 
approach was used to define the sucrose signal from two large signals with the same area 
(doublet), separating it from small volume signals (Soininen et al. 2012) and this achieved 
the reliable quantification of sugar molecules. This could not be done when using 
conventional quantification, such as bucketing. 
 
Figure 13. A representation of the quantification of overlapping signals. The double (red) arises 
from the signals of sucrose, the others being from other metabolites. Due to the fact that in 
CTLS the sucrose signals can be defined as a doublet (instead of two separate signals), this type 
of quantification is more accurate than in conventional methods (i.e. bucketing). 
 
NMR profiling of amino acids and organic acids revealed differences between the Allium 
species. Generally, garlic contained the highest mean concentrations of amino acids (Table 
20). Differences in the concentrations of the individual aliphatic amino acids were detected 
among the edible onion species as can be seen also in the sample spectrum from the 
different onions (Figure 14).  
 
Figure 14. 1H NMR spectra of six different species of onions from aliphatic region calibrated to 
the same scale by using internal standard indicating that contents of some amino acids (e.g. 
arginine) in garlic is ca. ten times higher compared to other species. The quantified metabolites 
have been highlighted: mal=malic acid, gln=glutamine, pa=pyruvate, gln=glutamine, 
glu=glutamate, arg=arginine, ala=alanine, thr=threonine, val=valine, leu=leucine and ahb=α-
hydroxybutyrate. 
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For example, garlic contained the highest amounts of phenylalanine (PHE), tyrosine 
(TYR), leucine (LEU), glutamine (GLN), glutamate (GLU), lysine (LYS), alanine (ALA), 
threonine (THR), valine (VAL), α-hydroxybutyrate (AHB), pyruvate (PA) and malic acid 
(MAL). The levels of fumaric acid were highest in leeks, while yellow onions contained 
higher concentrations than red onions or shallots of amino acids (see Table 20). The level of 
the glutamate was also higher in yellow onions and garlic than in the other onions. Our 
data also suggest (Figure 15) that small shifts in the (1H) chemical shifts may be taking place 
that appear to be due to differences in pH and the ionic concentration (Jukarainen et al. 
2008). The amino acid content was within the same range found previously using 
traditional chemical methods (Hansen, 2001). However, the amino acid content varied 
widely between onion and across cultivars. As far as we are aware, the concentrations of 
different cultivars have not been studied earlier, and there are only a few studies available 
on the concentration of free amino acids (Hansen 2001, Lee at al. 2009), these are in 
agreement with our data. However, some caution is warranted as comparison is not 
straightforward due to the different methods employed. 
The main flavonoid-glucosides were quercetin 3,4’-diglucoside and quercetin 4’-
glucoside, which were detected in yellow, red and shallots onion species, with the greatest 
variation being found in the concentrations of quercetin 3-glucoside. Interestingly, long 
shallot contained a higher amount of almost all flavonols than a closely related round 
shallot (Table 21).  
 
Table 21. Mean values in mg/kg fresh weight of Flavonol Glucosides in Finnish Yellow, Red, 
Shallot round and Shallot long Onions (Allium cepa). 
 
Flavonoids Yellow onion 
(Allium 
cepa) 
Red onion 
(Allium cepa) 
Shallot 
round 
Shallot long 
Quercetin 3,7,4’-triglucoside 4.0 ± 2.5 2.2 ± 0.3 4.0 ± 0.8 2.8 ± 0.5 
Quercetin 7,4’-diglucoside 3.4 ±0.6 2.8 ± 1.5 5.4 ± 0.5 3.8 ± 0.7 
Quercetin 3,4’-diglucoside 409.2±133.3 354.9 ± 69.3 419.8 ±37.0 428.7 ±79.5 
Isorhamnetin 3,4’-
diglucoside 
10.4 ± 5.0 8.1 ± 2.7 15.8 ± 3.0 14.9 ± 2.4 
Quercetin 3-glucoside 13.5 ± 7.0 117.3 ± 9.5 8.1 ± 2.9 13.8 ± 2.3 
Quercetin 4’-glucoside 260.6±142.4 249.1 ± 78.4 243.3 ±52.7 277.2 ±52.9 
Isorhamnetin 4’-glucoside 21.9 ± 11.0 17.0 ± 5.1 14.3 ± 2.9 26.9 ± 8.7 
Quercetin –hexose 15.8 ± 12.7 11.1 ± 8.5 5.4 ± 3.9 4.9 ± 0.6 
 
In general, the levels of flavonols were higher in yellow onions than red. Twenty-one 
flavonols were detected in leek extracts, 18 of which could be quantified (Table 22). 
Normally, the flavonol concentrations in leeks were lower than those analyzed in the other 
edible onion species. All the quantified flavonols were kaempferol or quercetin derivatives. 
Although the most abundant were kaempferol malonyldihexose and kaempferol 
malonylhexose, the other kaempferol derivatives could be also detected to a lesser extent. 
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Table 22. Mean Values in mg/kg fresh weight of Flavonol Glucosides in French Leek (Allium 
porrum). The presumably protonated or the most possible protonated ion [M+H]+ and 
protonated aglycones from CID spectra. 
 
peak [M+H]+  Aglycone 
fragment  
(CID spectra) 
mg/kg  
1 487a 287 3.3 ± 1.6 Kaempferol derivative 
2 773 287 3.6 ± 2.1 Kaempferol trihexose 
3 687a 287 n.q. Kaempferol derivative 
4* 538a/773a 303,287 n.q. Quercetin derivative,  
Kaempferol derivative 
5 612a 303 1,0 ± 0.7 Quercetin derivative 
6 499 287 3.7 ± 2.4 Kaempferol hexose 
7 530a 287 2.0  ± 1.0 Kaempferol derivative 
8* 697/487/449 287  27.0 ± 21.3 Kaempferol malonyl dihexose 1,  
Kaempferol derivative 
9 611 287 4.2 ± 2.3 Kaempferol dihexose 
10 611 287 n.q. Kaempferol dihexose 
11* 684/536/433 287 3.4 ± 2.1 Kaempferol deoxyhexose,  
Kaempferol rhamnoside 
12  603a 287 3.7 ±2.4 Kaempferol derivative 
13 618a 287 5.9 ± 4.9 Kaempferol derivative 
14* 713/522 303 62.9 ± 41.7 Quercetin malonyl dihexose,  
Kaempferol derivative 
15* 537/449 287 13.5 ± 9.5 Kaempferol derivative,  
Kaempferol hexose 
16 697 287 22.1 ± 12.3 Kaempferol malonyl dihexose 2 
17* 535 and 697 287 3.2 ± 1.6 Kaempferol malonyl hexose,  
Kaempferol malonyl dihexose 3 
18 535 287 19.2 ± 10.1 Kaempferol malonyl hexose 
19 635a 287 3.9 ± 2.7 Kaempferol derivative 
20 609a 303 17.5 ± 1.8 Quercetin derivative 
21 615a 287 45.9 ± 43.7 Kaempferol derivative 
a  =possible [M+H]+ or it’s fragment; * peak include two of more flavonols; n.q. not quantified  
 
Our data confirm the previous findings (Bonaccorsi et al. 2008) that shallots contain 
exceptionally high levels of the major flavonols as compared to the other onion species. The 
low levels of quercetin and kaempferol derivatives in leek and garlic are in agreement with 
previous data (Horbowicz & Kotlinska, 2000), although comparisons are complicated due 
to the different methods employed for the quantification of these compounds.  
The concentrations of flavonols varies extensively from 0,7 mg/ml to 8 mg/ml. The 
highest concentration was detected in garlic and the lowest in leek. We also tested whether 
the protein bound would bind our internal standard TSP. In our previous studies, no 
significant binding of TSP to protein was detected in solutions with low concentrations of 
protein (Soininen et al. 2012).  
Our results indicate that the use of the CTLS approach to quantify a large number of 
metabolites from 1H NMR spectra from Allium species makes it possible to detect important 
differences in metabolite patterns. The metabolite profile of leek was different from the 
other onion species (Table 20). This finding is in line with molecular biological studies 
demonstrating that leek (Allium ampeloprasum) is phylogenetically distinct from the other 
Allium species (Hirschegger et al. 2010).  
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6.4 CONCLUSIONS 
These data imply that the use of the 1H NMR method together with HPLC-MS enables the 
identification and quantification of a large number of metabolites from Allium species. The 
highest amounts of fructose and fructo-oligosaccharides (fructans, kestose/nystose) were 
found in garlic and the lowest amount in long shallot. Higher concentrations of fumaric 
acids were detected in leeks as compared with other edible onion species. Similarly, the 
flavonol concentrations in leeks were lower than those in other edible onion species. 
However, shallots contained exceptionally high levels of the major flavonols and thus could 
be considered as a suitable biomaterial from which to obtain different health-promoting 
products.  
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7 Metabolite Profiling of Leek (Allium porrum L) 
Cultivars by 1H NMR and HPLC-MS 
(This chapter is summarized from original article Soininen T. H., Jukarainen N, Soininen P, 
Auriola S. O. K. Julkunen-Tiitto R, Oleszek W, Stochmal A, Karjalainen R. O. Vepsäläinen J. 
J. Metabolite profiling of leek (Allium porrum L) cultivars by 1H NMR and HPLC-MS, 
Phytochemical analysis, 25, 220-228, 2014.)  
7.1 Background 
Western Europe is the world’s largest leek (Allium ampeloprasum var. porrum) producing 
and consuming region (De Clercq et al. 1999). In Europe, leeks are produced year-round in 
some countries, which allows farmers to offer the consumer fresh products at all times. 
Leek, like other Allium species, appears to produce many bioactive agents that include 
organosulfur compounds, phenolic compounds, non-structural and soluble carbohydrates, 
various amino acids and organic acids (Lundegårdh et al. 2008, Slimestad et al. 2007). 
Phenolic and other bioactive compounds may have health promoting properties (Griffiths 
et al. 2002). Some of these phenolic compounds exhibit antiplatelet and anti-aggregation 
activity (Furusawa et al. 2003). Leek extract is claimed to be one of the most effective 
vegetable extracts that exert an inhibitory effects against oxidative damage (Zitnanova et al. 
2006). Leek also contains pectic polysaccharides, which may display immune-stimulating 
properties (Kratchanova et al. 2010). The antimicrobial activity of some onion species has 
been frequently associated with the content of both organosulfur compounds and phenolic 
compounds (Kyung 2012).  
Sulfur compounds are quite well characterized, but to our knowledge only a few 
published reports exist on flavonoids from leek (Bernaert et al. 2012, Fattorusso et al. 2001, 
Kratchanova et al. 2010) and no reports have been found on leek cultivars and their 
metabolites or flavonoids. Leeks have a relatively long shelf life and they contain a wide 
array of bioactive compounds (Bernaert et al. 2012).  
Here high -pressure liquid chromatography (HPLC), mass spectrometry (MS) and a 
constrained total-line-shape (CTLS) approach are used to quantify metabolites with proton 
nuclear magnetic resonance (1H NMR) spectra from several leek cultivars grown in Europe.  
In this study we investigated several leek cultivars for two reasons 1) little is known 
about the variation in the metabolite levels of leek cultivars and 2) different leek cultivars 
are easily available. Allium species, which include all onion (Allium cepa) cultivars, present a 
wide phytochemical variation between cultivars (Griffiths et al. 2002, Jaime at el. 2002, 
Bonaccorsi et al. 2008). The aim of our work was to find out if such a wide variation existed 
for leek (Allium porrum). Moreover, we provide new information for the overall metabolite 
composition of several leek cultivars grown in Europe by using the HPLC-MS and CTLS- 
NMR.   
7.2 EXPERIMENTAL PART 
7.2.1 Leek samples 
The French leeks, of unknown cultivar, which were randomly selected from a local grocery, 
were used to develop the methods mentioned below and used as a reference for subsequent 
leek cultivars studies here. 
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Furthermore, Polish leek cultivars (Raptor, Lincoln, Megaton, Kolumbus, Varna and 
Jolant) with greenish stalks were used in the cultivar study. All leek cultivars were grown 
in Poland using the same agricultural area and under similar growth conditions in the same 
year. Otherwise the growth conditions were not characterized.  
 
7.7.2 1H NMR spectroscopy method in cultivar study 
 
7.7.2.1 Sample preparation for 1H NMR  
Freeze-drying was used for pre-treatment methods prior to flavonoids analyses (Tura & 
Robards 2002). Five parallel samples were prepared from the bulbs of each leek cultivar. 
We took two pieces of greenish stalk; approximately 9 cm of each leek cultivar (ca. 50 g) 
and these were macerated in a household food blender. From the resulting juice 10 mL was 
collected and separated into 2 mL portions, then freeze-dried for 72 h at a pressure of 0.1 
mbar. The shelf temperature was increased gradually from -55 to 35°C during the freeze-
drying process (Freeze Dryer GAMMA 2-16 LSC). For the NMR analysis, the total freeze-
dried sample was dissolved in 1200 L of D2O and 550 L of this liquid was transferred to 
a 5 mm NMR tube followed by the addition of 50 L of 87 mM 3-(trimethylsilyl)propionic-
d4 acid in D2O as internal standard.  
7.2.2.2 1H NMR measurements  
The NMR spectra for quantification of reference leek was recorded on a Bruker AVANCE 
500 DRX NMR spectrometer equipped with a 5 mm QNP SB probe and Bruker TopSpin 
software version 1.3pl 10 interfaced with a standard PC. For 1D and 2D measurements and 
quantifications of the cultivars were recorded on a Bruker AVANCE III 500 NMR 
spectrometer equipped with a 5 mm SEI SB probe and Bruker TopSpin software version 
2.1pl6. The 1H NMR spectra were collected with a 90° pulse angle, relaxation delay of 40 s, 
and 256 scans at 300 K. Assignments of the signals were verified by using 2D 1H-1H COSY, 
(homonuclear correlated spectroscopy), 2D 1H-1H TOCSY, (total correlation spectroscopy), 
2D 1H-13C HSQC, (heteronuclear single quantum correlation spectroscopy), and 2D 1H-13C 
HMBC, (heteronuclear multiple bond correlation spectroscopy) spectra, which were all 
acquired from representative samples. The pH of the samples was not adjusted, being 
typically about pH 5.8. Initial experiments revealed an optimal experiment time of 43 s (3 s 
acquisition time + 40 s relaxation delay) to avoid peak saturation. Carbohydrates and 
organic acids were identified and reported according to our previous work (Soininen et al. 
2012). 
7.2.2.3 NMR quantification  
A total 17 metabolites were quantified (Soininen et al. 2012). Most metabolite 
concentrations were determined as mmol/ml with CTLS NMR, while the quantification of 
flavonoids was typically expressed as mmol/ml. All of the spectral model creation and the 
quantification were performed with PERCH NMR Software version 2011.1 (PERCH 
Solutions Ltd., Kuopio, Finland). We also tested whether or not the protein could bind to 
TSP, but no significant binding was detected in quantitative NMR-assays, when protein 
concentrations were < 1%. The protein concentration of the leek samples was 1.5 mg/mL 
based on a commercial Coomassie (Bradford) Protein Assay Kit. Therefore TSP could be 
used as a standard in NMR measurements.   
 
7.2.3 HPLC and mass spectroscopy measurements  
In this study we used two different experimental lines, in the first we studied different 
segments of leeks and in the second we examined different leek cultivars. 
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7.2.3.1 Sample preparation for segment study 
For the different segments of leek 10 g (± 0.5 g) each randomly selected fresh leek was cut at 
the lower white segment, the top green segment and the middle greenish segment, and 
then each segment was cut into smaller pieces. Whole pieces of each segment were 
extracted in methanol (methanol, 30 mL) for 40 min with vigorous shaking and the 
supernatant was separated. The extracted pieces were further washed with 3 x 10 mL 
methanol. Supernatants were combined and vaporized using a rotary evaporator and the 
volume of the resulting extract was adjusted to 3 mL with methanol. The mixture was 
centrifuged (3000 g, 5 min) and the final solutions were filtered through 0.2 mm syringe 
filters (ø15 mm, RC regenerated cellulose Membrane, Phenomenex). The extracts were 
stored at -20 ºC until analysis. 
7.2.3.2 Sample preparation for cultivar study 
The freeze-dried samples were dissolved in using methanol (3 mL). This solution was 
extracted for 40 min with vigorous shaking, centrifuged (3000 g, 5 min) and the final 
solutions were filtered through 0.2 mm syringe filters (ø15 mm, RC regenerated cellulose 
Membrane, Phenomenex).  
7.2.3.3 HPLC-analysis and quantification for segment and cultivar studies 
The extracts were analyzed by HP 1090 series HPLC (Agilent Technologies, Palo Alto, CA) 
equipped with a diode array detector operating at 280 nm and 340 nm to detect the 
flavonoids. Data controlling and evaluation were done with an HP Chemstation rev. B 
03.02. Flavonoids were separated on a 60 mm X 4.6 mm i.d., 3 m Agilent Hypersil ODS 
column (Agilent, USA) with C18 as the packing support. Separation was achieved with a 
gradient elution with of 0.5% v/v formic acid (A) and methanol (B) at a 30 °C column 
temperature and flow rate of 1 mL/min. The leek samples were analyzed with following 
gradient program: 20 L injection volume, 0-2 min 5% B, 2-10 min 20% B, 10-18 min 40% B, 
18-25 min 100% B, 25-27 min 5% B, 27-32 min 5% B.  
The quantification of the studied compounds was based on peak areas, with quercetin 3-
O-glucoside being used as an external standard. Calibration lines were obtained using 
methanol solutions of known concentration (10-300 mg/mL) and the calibration line 
equation was determined separately for each compound in both segment and cultivar 
studies R2= 0.998. Two analyses for each extract were analyzed and the results are 
expressed as mmol/mL FW (Fresh weight).  
7.2.3.4. Mass measurements for segment and cultivar qualitative studies 
An HPLC-ESI/MS2 (Thermo LTQ ion trap) mass spectrometer was used to characterize 
the flavonoids. The HPLC system consisted of a Finnigan Surveyor MS pump and a 
Finnigan autosampler (Thermo Electron, USA) using the HPLC column conditions 
described above. The mass spectrometry system consisted of Finnigan LTQ linear ion trap 
spectrometer equipped with an electrospray ion source operating in the positive mode 
(Thermo Electron, USA). Instrument conditions were optimized as follows: nitrogen sheath 
gas flow 30 arbitrary units, spray voltage 3.8 kV, capillary temperature 250 ˚C, capillary 
voltage 33 V and tube lens voltage 80 V. Helium was use for damping and fragmentation. 
Flavonoids were separated on a 60 mm x 4.6 mm i.d., 3 m Agilent Hypersil ODS column 
(Agilent, USA) containing C18 as the packing support. Separation was achieved with 
gradient elution with 0.5% v/v formic acid (A) and methanol (B) at a 30 °C column 
temperature with a flow rate of 1 mL/min. The gradient program was as follows: 0-2 min, 
5% B; 5-15 min, 5-20% B; 15-20 min, 20-30% B; 20-30 min, 50% B; 30-35 min 50-100% B 
followed by a 5 min equilibrium time. The injection volume was 20 L. Two scans were 
used in the ion trap spectrometer to obtain the MS/MS spectra of [M+H]+ ions. In the first 
MS, ions in the range of m/z 280-800 were measured. In the second MS, the most intense 
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ions from the first MS spectrum were selected for the collision-induced dissociation (MS2 
experiment). The expected fragmentation ions from the parent signal were e.g. m/z 789, 627, 
595, 465 and 449. The expected aglycones with MS2 experiment (range of m/z 250-350) were 
287, 303 and 317. The Xcalibur 1.4 SR1 software conducted data acquisition, and 
identification was based on the measured reference spectra of aglycones and fragmentation 
described in literature (Vukics & Guttman 2010). 
7.2.3.5.Chemicals  
This section Identical to chapter 5 section 5.5.3.5. Chemicals. 
7.3 RESULTS AND DISCUSSION 
7.3.1 Carbohydrates, amino acids and organic acids.  
The identification and quantification of amino acids and sugars from leeks were readily 
achieved by using a CTLS approach (Figure 15-17) and it was possible to quantify 17 
metabolites from 1H NMR spectra of leek cultivars grown in Europe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15. A representation of the aliphatic region of the 1H NMR spectra of six different 
cultivars of leek. The same scale is used for all spectra and it has been calibrated with an 
internal standard. The quantified metabolites have been highlighted: mal=malic acid, 
gln=glutamine, pa=pyruvic acid, gln=glutamine, glu=glutamate, arg=arginine, ala=alanine, 
thr=threonine, val=valine, leu=leucine and ahb=α-hydroxybutyrate. 
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Figure 16. A representation of the aromatic region of the 1H NMR spectra of six different 
cultivars of leek. The scale in all spectra is the same and has been calibrated to an internal 
standard. The quantified metabolites are highlighted: thr=threonine, phe=phenylalanine, 
tyr=tyrosine and fum=fumaric acid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. A representation of the sugar region of the 1H NMR spectra of six different cultivars 
of leek. The scale in all spectra is the same and has been calibrated to an internal standard. The 
quantified metabolites are highlighted: 
kenys=kestose + nystose , fru=fructose and glc=glucose 
 
The total concentration of carbohydrates (glucose, fructose, kestose/nystose and sucrose) 
varied from 550 mmol/mL (Raptor) to 1722 mmol/mL (Kolumbus) (Table 23). Compared 
with our earlier measured of an unknown cultivar reference leek (RL), the Raptor variety 
fewer sugars than either the Jolant or Varna cultivars. When comparing the presence the 
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different sugars, the total amount of sugars varied widely between leek cultivars (Table 23). 
The amounts of glucose and fructose were found to be highest in Kolumbus and lowest in 
Raptor. Concentrations of sucrose varied between the 35 mmol/mL (Raptor) to 161 
mmol/mL (Varna). The amount of kestose/nystose also varied widely among leek cultivars, 
where the sugars were present at high levels in Jolant (917 mmol/mL) and lowest in Raptor 
(224 mmol/mL). These data suggest that fructose, together with glucose and sucrose, are the 
main nonstructural carbohydrates in the leek cultivars. However, our data revealed 
extensive variability in major carbohydrates between the leek cultivars.  
 
Table 23. Total sugars, amino acids and organic acids in different leek cultivars. 
 (mmol/mL) (mean± s) 
 
 
 
 
 
 
 
 
 
 
 
* unknown cultivar, from our earlier study 
a n=1 
 
The total concentration of amino acids varied from 21 mmol/mL (Raptor) to 167 
mmol/mL (Kolumbus). The amount of individual amino acid contents also varied 
considerably with the highest amounts in Kolumbus and lowest in Raptor (Table 24). Three 
cultivars (Varna, Jolant and Kolumbus) contained the highest amount of glutamine (GLN) 
while Raptor and Megaton had the lowest amount of glutamine. The level of arginine 
(ARG) was highest in Kolumbus and the lowest in Raptor.  
The highest malic acid (MAL) content was found (Table 24) in Kolumbus, but a high 
malic acid concentration was also detected in Varna and Lincoln. The lowest MAL content 
was found in Raptor. The amount of fumaric acid (FUM) varied widely highest in 
Kolumbus and lowest in Lincoln. The total amount of organic acid was also highest in 
Kolumbus and lowest in Raptor.  
Total Jolant Varna  Lincoln  Megaton Raptor Kolumbus Unknown* 
Sugar 1717.6
± 26.2 
1722.8
± 75.3 
1104.4± 
5.7 
825.5± 
14.6 
550.2± 
158.8 
1752.8±a 669.0±226.
7 
Amino 
acid 
64.4± 
2.9 
88.8± 
6.9 
105.3± 
114.0 
86.6± 
2.0 
20.9± 
6.5 
167.2±a 59.1±23.8 
Organic 
acid 
55.3± 
2.3 
87.6± 
3.9 
79.0± 
2.2 
52.0± 
0.6 
28.3± 
8.2 
166.8±a 87.4±38.2 
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7.3.2 Flavonoids.  
In the current study, the fragmentation of flavonoids was analyzed on the basis of the MS2 
and MS3 spectra. Twenty-one flavonoids were detected from the extracted leek 
chromatograms and identified as flavonol derivatives then quantified (Table 25). All the 
quantified flavonols were kaempferol derivatives or quercetin derivatives. The most 
abundant were kaempferol derivatives, yet quercetin-malonyl-dihexose and kaempferol-
malonyl-dihexose 1 and 2, kaempferol-malonyl-hexose were also detected to some extent.  
 
Table 25. Mean values in mg/kg fresh weight of flavonol glucosides in French Leek (Allium 
porrum). The presumably protonated ions [M+H]+ or the most possible protonated ion [M+H]+ 
and protonated aglycones from CID spectra. (mean ± s) 
peak [M+H]+  Aglycone 
fragment 
(CID 
spectra) 
Whole 
leek 
(n=5) 
Green 
stalk 
(mg/kg
) 
Greenish 
stalk 
(mg/kg) 
White 
stalk 
(mg/kg) 
compound 
1 487a 287 0.0 - 
5.3  
0.8 - 
3.4 
0.0 - 0.7 0.1 - 5.1  Kaempferol derivative 
2 773 287 1.7 - 
8.1  
0.0 - 
4.4  
0.0 - 0.5 0.0 - 0.4  Kaempferol trihexose 
3 687a 287 0.1 - 
2.3  
0.0 - 
0.7  
0.0 - 0.3 n.d Kaempferol derivative 
4* 538a/ 
773a 
303,287 0.0 - 
2.8 
n.d n.d n.d Quercetin derivative,  
Kaempferol derivative 
5 612a 303 0.0 - 
2.3  
n.d n.d n.d Quercetin derivative 
6 499 287 1.0 -1 
5.5  
0.0 - 
2.1  
n.d n.d Kaempferol hexose 
7 530a 287 1.2 - 
4.0  
n.d n.d 0.0 - 0.9  Kaempferol derivative 
8* 697/ 
487/ 
449 
287  1.7 - 
91.8 
0.0 - 
14.9 
0.0 - 0.1 n.d Kaempferol malonyl 
dihexose 1,  
Kaempferol derivative 
9 611 287 2.1 - 
9.2 
0.0 - 
1.0 
n.d n.d Kaempferol dihexose 
10 611 287 1.9 - 
9.1 
n.d n.d n.d Kaempferol dihexose 
11* 684/ 
536/ 
433 
287 0.0 - 
2.3 
n.d n.d n.d Kaempferol 
deoxyhexose 
Kaempferol rhamnoside 
12  603a 287 0.4 - 
8.6  
n.d n.d n.d Kaempferol derivative 
13 618a 287 0.0 - 
16.1  
0.0 - 
3.2 
0.0 - 0.9  n.d Kaempferol derivative 
14* 713/ 
522 
303 4.4 -1 
46.8 
0.3 - 
55.6  
0.0 - 2.7 n.d Quercetin malonyl 
dihexose,  
Kaempferol derivative 
15* 537/ 
449 
287 7.9 - 
39.2 
0.4 - 
1.7  
 n.d Kaempferol derivative, 
Kaempferol hexose 
16 697 287 12.2 - 
50.5 
0.7 - 
6.0 
0.0 - 0.4  0.0 - 2.7  Kaempferol malonyl 
dihexose 2 
17* 535  
and  
697 
287 1.9 - 
5.9 
0.0 - 
1.8  
n.d 0.0 - 0.6  Kaempferol malonyl 
hexose,  
Kaempferol malonyl 
dihexose 2 
18 535 287 12.9 - 
42.7 
0.1 - 
7.9  
n.d 0.0 - 1.3  Kaempferol malonyl 
hexose 
19 635a 287 1.2 - 
11.9 
0.0 - 
4.6  
0.0 - 0.3  n.d Kaempferol derivative 
20 609a 303 12.5 - 
45.4  
0.0 - 
0.5 
n.d 0.0 - 0.6  Quercetin derivative 
21 615a 287 21.3 - 
181.4  
0.9 - 
10.5 
0.0 - 1.0  0.0 - 1.5  Kaempferol derivative 
a  =possible [M+H]+ or it’s fragment, * peak include two of more flavonols, n.d. not detected 
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Unfortunately, the flavonol content of different leek cultivars was rather low and an 
accurate analysis was impossible to perform. Due to this limitation all the peaks that were 
observed in the unknown leek sample could not be detected in the due to unknown 
concentrations of the flavonoids. This data is shown as rough estimations by using + (peak 
clearly observed in chromatograms), ++ and +++ (most abundant signal in chromatograms) 
to express the total flavonoids in Table 26. These data demonstrated a wide difference 
between cultivars, i.e. some flavonols such as the different kaempferol-hexoses, 
kaempferol-malonyl-hexose occur only in certain cultivars, while kaempferol-malonyl-
dihexose 2 and kaempferol derivates were observed in the Lincoln cultivar at low 
concentrations. The most abundant flavonols were the first eluted kaempferol derivates, 
which includes compounds 1, 2 and 3, but these were not quantified due to the small 
amount of the sample, however the highest levels were seen in Kolumbus and the lowest in 
Lincoln followed by the kaempferol-malonyl-dihexose 1 from cultivar Lincoln to the lower 
levels in cultivar Kolumbus.  
 
Table 26. The flavonol glucosides content in Allium porrum cultivars. 
  
 Jolant  Lincoln  Megaton  Raptor  Varna  Kolumbus  
Kaempferol derivatives*, 
peaks 1,2,3 
+++ ++ +++ +++ +++ +++ 
Kaempferol hexose, peak 6  + + +  + 
Kaempferol malonyl 
dihexose 1, 
 Kaempferol derivatives, 
peak 8 
++ +++ ++ ++ ++ ++ 
kaempferol-malonyl 
dihexose 2, peak 16 
 +     
Kaempferol malonyl 
hexose, peak 17 
 +     
Kaempferol malonyl 
dihexose  2, peak 17 
 +     
Kaempferol malonyl 
hexose, peak 18 
+ + +  +  
Kaempferol derivative, 
peak 19 
 +     
Kaempferol derivative, 
peak 21 
+ ++ ++ + ++ + 
*include more than one compound, +++= 50-70%  , ++= 10-50% , +=1-10% 
7.4 DISCUSSION  
In this work, we used CTLS to quantify 17 of metabolites from leek 1H NMR spectra. As the 
sensitivity of NMR is on the g/kg scale, an HPLC-MS is required e.g. in the analysis of 
flavonoids. Interestingly, the metabolite profile of leek seems to be very different from that 
of other Allium species, particularly the profile of flavonols. Leeks do not have e.g. 
isorhamnetin, which is very common in other Allium species (Bonaccorsi et al. 2008), but 
mostly literature on Allium includes only information of the onion bulbs. The data 
presented in this work indicate that leeks contain a wide range of metabolites, some of 
which are distinct from other Allium species, thus contributing to the findings of molecular 
phylogenetics of Allium species in general. This finding supports the conclusion that leek is 
phylogenetically distinct from other Allium species (Hirschegger et al. 2010). 
The concentrations of sugars detected in leek cultivars are in agreement with the levels 
of fructose, glucose and sucrose found in earlier measurements of other Allium species 
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(Jaime et al. 2001, Soininen et al. 2012, Tardieu et al. 2010). In some cases, the sucrose 
doublet was overlapped by several other sugar signals (maltose and possibly kestose, 
nystose) to various extents in the 1H NMR spectrum. Despite their small size, they may 
interfere with the quantification. This problem was also noted previously in carrots (Cazor 
et al. 2006) where the reliability of quantification for fructose by 1H NMR was found to be 
difficult because of resonance overlapping and the coexistence of two fructose isomers. 
However, the CTLS allowed for the quantification of sugar molecules from leeks despite 
this severe overlapping (Soininen et al. 2012).  
It is well known (Darbyshire & Henry 1978) that the water-soluble carbohydrates such as 
fructose, glucose, sucrose and fructans account for 60-80% of the dry weight of Allium 
bulbs. Carbohydrates may play an important role in Allium biology by conferring 
protection against cold and drought (Ritsema & Smeekens 2003). For example, fructan 
levels have been demonstrated to decrease during storage and apparently reduce the 
storage life of the onions (Hansen 1999). Interestingly, some minor variability exists in the 
mitochondrial genome levels in leek cultivars (Kik et al. 1997), and breeders are broadening 
the genetic background by exploiting the wild relatives of commercial leeks (Engelke et al. 
2004). These genetic components are highly conserved in onion, which may contribute to a 
major part of this sugar variation (McCallum et al. 2006).  
The amino acid and organic acid amounts detected in these leek cultivars are within the 
same range as found previously in other Allium species (Soininen et al. 2012). The observed 
wide differences in the amino acids and organic acids in leek may reflect their differential 
properties in taste and flavor and this variation offers opportunities for improving these 
properties by additional breeding. (Lundegårdh et al. 2008). 
There are several reviews and articles on the health benefit of flavonoids (Erlund 2004, 
Rice-Evans et al. 1996). The amount of total phenols is mainly studied, yet only the report 
by (Bernaert et al. 2012) concerns the flavonoid contents in different leek parts. The 
differences in total phenolics were determined between white shaft and green leaves. The 
total phenolics measurements, which are often used in antioxidant studies, were easy and 
fast to determine. However, this information might be misleading, as the current method 
did not separate mono- and poly-aromatic phenolic compounds from each other. The most 
common source for mono-aromatic phenolic compounds is amino-acid tyrosine. For this 
reason, one needs to examine the profiles of the poly-aromatic phenols in order to 
determine the difference. As Bernaert et al. (2012) observed, amino acids and amines can 
interfere with Folin’s method, because these compounds include phenolic subgroups (e.g. 
tryptophan and tyrosine). Our NMR study shows that tyrosine can vary by as much as ten-
fold between cultivars.  
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Figure 18. Comparison of the peaks in the chromatograms for the different parts of the leek 
(white and green stalk). Each numbered peak is identified in Table 23. 
 
We assayed different segments of white, greenish and green stalk (leaves) from leeks. 
The white stalk and the light green stalk contained lower concentrations (Table 25) and a 
smaller number of different flavonoids (Figure 18) than those in the green stalk. With the 
mass spectrometric results and HPLC retention times, we could identify the flavonol 
derivatives from different segments of the leek. Our analysis demonstrated that the 
healthiness of food should not be only related to flavonoids contents. According to our 
findings, the white shaft includes only a small amount of the poly-aromatic phenols such as 
quercetin, whereas the green leaves contain several, poly-aromatic phenols, mostly 
kaempferol derivatives. Generally, the flavonol concentrations in leek were found at lower 
levels (Fattorusso et al. 2001) than those detected in other Allium species (Soininen et al. 
2012). 
Overall, our reference leek sample did not appear to be identical to any of the studied 
cultivars, where the greatest difference was found in the glucose and fructose contents of 
Kolumbus, and in the kestose/nystose ratio of Jolant and the sucrose content of Varna. The 
concentrations of different sugars in the reference leek sample were closest to Jolant, but its 
organic acids concentrations were reminiscent of Lincoln. Based on this information the 
reference leek could not be conclusively identified as any particular cultivar based on the 
phytochemical profiles. In addition, different metabolite concentrations could also be due 
to different growth conditions and harvest times, which were unknown for this particular 
sample. 
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8 General Results and Discussion 
8.1 RESULTS AND DISCUSSION 
A novel method was developed for the identification and quantification of plant 
metabolites (article I). The amino acids, organic acids and sugars of the onion species 
(article II) were quantified with CTLS NMR measurements. Due to the low concentrations 
(mg/g) flavonols were identified and quantified with HPLC-MS/MS operating in the 
positive mode. The method was developed and optimized because in the literature only the 
negative mode had been used previously to identify the flavonoids in onions. Positive 
ionization achieves better fragmentation as explained above in the literature section. 
 
8.1.1 Carbohydrates, free amino acid and organic acids 
The sugar concentration varied by 10-fold between the different onion species (article  II). 
The most abundant sugars were glucose (Glc) and fructose (Fru). The highest 
concentrations of glucose and sucrose were detected in yellow onions. However the highest 
amounts of fructose and fructo-oligosaccharides (kestose/nystose) were found in garlic and 
the lowest amounts in long shallot. The free amino acids and organic acids revealed 
differences between the Allium species (article II) and leek cultivars (article III). Generally, 
garlic contained (article II) the highest mean concentrations of amino acids. Otherwise 
yellow onions (article II) contained higher concentrations of amino acids than red onion or 
shallots. In leek (article III) cultivars, the same kinds of variation were observed especially 
in the kestose/nystose, glutamine, arginine and malic acid concentrations. The amino acid 
and organic acid amounts detected in these cultivars (article III) are within the same range 
as found in the present studies with the other allium species. This details can be seen in 
section 6.3 and 7.3 
 
8.1.2 Flavonols 
Eight flavonol  (article I & II) quercetin 3,7,4’- triglucoside [M+H]+ 789, quercetin 7,4’-
diglucoside [M+H]+ 627, quercetin 3,4’-diglucoside [M+H]+ 627, isorhamnetin 3,4’-
diglucoside [M+H]+ 641, quercetin 3-glucoside [M+H]+ 465, quercetin 4’-glucoside [M+H]+ 
465, isorhamnetin 4’-glucoside [M+H]+ 479 and quercetin -hexose [M+H]+ 465 were 
determined from yellow and red onion and both shallots (Table 27) based on HPLC-ESI-
MS/MS. MS/MS spectra of each peak are shown in appendix II. The main flavonoid-
glucosides were quercetin 3,4’-diglucoside and quercetin 4’-glucoside in yellow, red and 
shallot onion species. However the greatest variation was found in the concentrations of 
quercetin-3-glucoside. The levels of flavonols were generally higher in yellow than in red 
onions, while shallots displayed exceptionally high levels of the major flavonols compared 
to other onions. A difference could be observed between the round and long shallot, since 
the long shallot contained more total flavonols its round counterpart. In shallots also 
kaempferol-hexose could be observed in the MS/MS analysis, though due to the low 
concentration it could not be isolated from baseline of the HPLC chromatogram. There was 
also an eighth peak which contained hexose, but it was not possible to observe quercetin 
aglycone, which has been detected by UV-analysis earlier in the literature.  
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Table 27. Content of flavonol glucosides (mg/kg) in Finnish Yellow, Red, Shallot round and 
Shallot long Onions (Allium cepa) in fresh weight (n=5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Normally, the flavonol concentrations in leeks (article III) were lower than those 
analyzed in the other edible onion species. The low levels of flavonols present in the leek 
were in agreement with previous data (Horbowicz and Kotilinska 2000) although 
comparisons are difficult due to the different methods employed in the quantification of the 
compounds.  
All in all, 21 flavonols were detected in leek extracts, with 18 of them being quantified. 
All of them were kaempferol and quercetin derivatives (table 28). The most abundant were 
kaempferol derivatives, but quercetin malonyl dihexose and kaempferol malonyl dihexose 
1 and 2 and kaempferol malonyl hexose were also detected in minor quantities. The 
fragmentation pathways table for the identified compounds in MS2 and MS3 are given in 
appendix III. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flavonoids [M+H]
+ 
Yellow onion Red onion Shallot 
round 
Shallot 
long 
Quercetin 3,7,4’-
triglucoside 
789 4.0 ± 2.5 2.2 ± 0.3 4.0 ± 0.8 2.8 ± 0.5 
Quercetin 7,4’-
diglucoside 
627 3.4 ±0.6 2.8 ± 1.5 5.4 ± 0.5 3.8 ± 0.7 
Quercetin 3,4’-
diglucoside 
627 409.2 ± 
133.3 
354.9 ± 
69.3 
419.8 ± 
37.0 
428.7 
±79.5 
Isorhamnetin 3,4’-
diglucoside 
641 10.4 ± 5.0 8.1 ± 2.7 15.8 ± 3.0 14.9 ± 2.4 
Quercetin 3-glucoside 465 13.5 ± 7.0 117.3 ± 9.5 8.1 ± 2.9 13.8 ± 2.3 
Quercetin 4’-glucoside 465 260.6 ± 
142.4 
249.1 ± 
78.4 
243.3 ± 
52.7 
277.2 ± 
52.9 
Isorhamnetin 4’-
glucoside 
479 21.9 ± 11.0 17.0 ± 5.1 14.3 ± 2.9 26.9 ± 8.7 
Quercetin -hexose 465 15.8 ± 12.7 11.1 ± 8.5 5.4 ± 3.9 4.9 ± 0.6 
Total  738.8 ± 
314.5 
762.5 ± 
175.3 
716.1± 
103.7 
773.0 ± 
147.6 
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Table 28. Mean values in mg/kg fresh weight of Flavonol Glucosides in French Leek (Allium 
porrum). The presumably protonated ions [M+H]+ or the most possible protonated ion [M+H]+ 
and protonated aglycones from CID spectra. 
 
peak [M+H]+  Aglycone 
fragment 
(CID spectra) 
mg/kg  
1 487a 287 3.3 ± 1.6 Kaempferol derivative 
2 773 287 3.6 ± 2.1 Kaempferol trihexose 
3  287 n.q. Unknown 
4 538a 303 n.q. Quercetin derivative 
5 612a 303 1,0 ± 0.7 Quercetin derivative 
6 499 287 3.7 ± 2.4 Kaempferol hexose 
7 530a 287 2.0  ± 1.0 Kaempferol derivative 
8* 697/487/449 287  27.0 ± 21.3 Kaempferol malonyl dihexose 1 
9 611 287 4.2 ± 2.3 Kaempferol dihexose 
10 611 287 n.q. Kaempferol dihexose 
11 684 287 3.4 ± 2.1 Kaempferol deoxyhexose 
12  603a 287 3.7 ±2.4 Kaempferol derivative 
13 618a 287 5.9 ± 4.9 Kaempferol derivative 
14 713 303 62.9 ± 41.7 Quercetin malonyl dihexose  
15 449 287 13.5 ± 9.5 Kaempferol hexose 
16 697 287 22.1 ± 12.3 Kaempferol malonyl dihexose 2 
17* 535 and 697 287 3.2 ± 1.6 Kaempferol malonyl hexose,  
kaempferol malonyl dihexose 2 
18 535 287 19.2 ± 10.1 Kaempferol malonyl hexose 
19 793 287 3.9 ± 2.7 Kaempferol derivative 
20 609a 303 17.5 ± 1.8 Quercetin derivative 
21 743a 287 45.9 ± 43.7 Kaempferol derivative 
a  =possible [M+H]+ or it’s fragment * peak include two of more flavonols. n.q. not quantified 
 
The same kind of variation among all metabolites was also found among the leek 
cultivars. Lincoln cultivar had more kinds of flavonols than the other cultivars. There were 
also extensive variations in the flavonols in the different segments of the leek. The white 
stalk and the light green stalk contained lower concentrations and a smaller number of 
different flavonoids than those in the green stalk. According to these findings, the white 
stalk contains only a small amount of the polyaromatic phenols such as quercetin, whereas 
the green leaves contain several, polyaromatic phenols, mostly kaempferol derivatives.  
 
8.1.3 Other results 
During this four year period the following topics were also examined: 1) wild onion, 2) 
industrial waste of onion and 3) crystallization of the flavonols. However these studies 
were not completed due to several reasons e.g. difficulties to obtain representative samples 
for further studies which is essential if one wishes to determined for detailed profile of the 
flavonols for characterization and quantification in wild onions. These onion bulbs are 
available in three year periods from the suppliers, therefore the next time that the bulbs will 
be available will only be at end on 2014 or at the beginning of 2015. 
8.1.3.1 Wild onions 
In addition 20 different Allium species (available from garden suppliers) were studied, 
which in western countries are mostly a perennial plant. The species were selected due to 
reports of their medical use, but also a few species with no reported medical uses were 
selected for comparison. Most of them are used as vegetables or spices. These onions could 
be categorized phylogenetically in several ways e.g. color of the extract, smell, flavonoids 
content. 
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In the preliminary studies mapped out roughly the flavonol profiles in order, to select 
onions that might have interesting profiles of flavonols. The preliminary (in Table 29) 
results detected two species with higher concentrations, Allium oshaninii and psekemense that 
are phylogenitically related to the common onion (Keusgen et al. 2006). Both of them are 
used as spices similar to the common onion, but also medicinally for a variety of health 
problems.  
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8.1.3.2 Industrial waste of onions 
This part of study was made as a part of an EU project with strategic funding from the 
University of Eastern Finland and the Northern Savo ELY-center (project 3021). The 
representative samples need to be obtained from the new growing season. However the 
project is already finished. The aim of the study was to compare the concentration 
differences between the different layer and differently processed onions. 
Onions are the second most widely produced horticultural crop in the world, with 
annual production of around 66 million tones. As more and more food is processed, more 
than 500,000 tones of onion waste are produced in the European Union. Onion wastes 
include mainly the skin, the two outer layers and roots, as well as waste generated during 
peeling and finally diseased or damaged bulbs. This waste represents an environmental 
problem, due to characteristic aroma of onions it may act as a kind of organic fertilizer for 
phytopathogenic agents (Benitez et al. 2011). In additionally there are some reports that the 
waste might be exploited because of the content of dietary fibers and bioactive compounds. 
Therefore further investigations are needed to conduct metabolite profiling as well as 
examing the bioavailability and other properties. 
The outer dry layer of onions and onion pellets were analyzed by HPLC. Their flavonols 
were identified by retention times and compared to UV-spectra of other samples. The 
samples consisted of red and yellow onion layers.  
In comparison to other onions it was noted that in red and yellow onions that the 
glucose -form had been decreased in the outer layer. Triglycerides could be observed at 
levels below the quantification limit, and the amount of quercetin 3,4’-diglucosides 
concentration had also declined significantly. The main peak was observed as being 
quercetin-4’-glucoside and quercetin aglycone. However, the levels of quercetin-4’glucoside 
was only one quarter of the concentration present in the inner layer of the onions. At the 
same time, the concentration of the quercetin aglycone had increased by about 10-fold. 
Table 30 shows the concentration in the from of + to +++ but new representative samples are 
needed, and the concentrations should be evaluated with the samples which have been 
grown in the same season, to avoid the influence of seasonal variation, i.e. the aim of this 
study was not to compare the effect of different growing seasons.  
 
Table 30.  The content and approximate amount of the flavonols. 
 Quercetin- 
7,4’-
diglucoside 
Quercetin- 
3,4’-
diglucoside 
Isorhamnetin
-3,4’ 
diglucoside 
Quercetin- 4’ 
-glucoside 
Isorhamnetin- 
4’ -glucoside 
Quercetin  
aglycone 
Outer dry 
layer 
+ ++ + +++ + +++ 
pellets + + + +++ ++ +++ 
+= low concentration, ++= medium concentration and +++= high concentration 
Further aims are to confirm the flavonoid derivatives by mass spectrometry. The 
aglycone has been identified in the literature, but it was found in on other onions, that a 
peak with the same retention time includes a sugar residue. In additional mass spectra 
could also reveal even minor compounds, which could not be separated from the HPLC 
baseline. 
8.1.3.3 Crystal structures 
In this part of the study, the aim was to produce the crystals of the metal complexes 
flavonols. Gel crystallization was used because flavonoids have poor solubility in organic 
solvents. One structure was created, however it was one of the four already published 
structures known in the literature. Otherwise the crystals formed too quickly and the 
quality of the crystal was poor even when several different crystallization conditions were 
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utilized. New production lines are underway, in these the most time consuming period is 
waiting for crystal formation. 
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9 Summary and Conclusions   
The CTLS-NMR and MS and HPLC studies revealed that it was possible to identify 
carbohydrates, free amino acids, organic acids and the flavonol derivates from different 
Allium species and different segments of the leek. The different segments of the leek 
contained lower concentrations and a smaller number of different flavonoids. Ten-fold 
differences were found between some of metabolites in the leek cultivars and different 
onion species. All in all, the metabolites of onion varied extensively between onion and 
across the cultivars. In addition, the different metabolite concentrations could also be due to 
different growth conditions and harvest times while in the comparison between the 
different Allium species. 
It was demonstrated that information about a total phenols might be misleading, as the 
current method was not able to separate mono- and poly-aromatic phenolic compounds 
from each other. The most common source for the mono-aromatic phenolic compounds is 
the amino acid tyrosine. The present NMR results demonstrated that the tyrosine 
concentration can vary as much as ten-fold between the leek cultivars, similarly between 
onion species. Therefore, examination of the profiles of polyaromatic phenols is relevant if 
one wishes to clarify the differences. It is well-known that the structures of flavonoids have 
different activities as antioxidants. 
This analysis demonstrated that the health-promoting properties of food should not be 
considerable as being only due to their flavonoid content. The health and pharmaceutical 
activity of plants might be attributable to the synergistic affects of major as well as minor 
components or metabolites of phytochemicals. 
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Appendix II Fragmentation of kaempferol in LC/MS/MS 
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Appendix III. Fragmentation of isorhamentin in LC/MS/MS 
 
 
300110SOK01 #3316 RT: 28.84 AV: 1 SB: 8 0.10-0.17 NL: 1.15E3
T: ITMS + c ESI d Full ms2 317.07@35.00 [ 75.00-645.00]
100 150 200 250 300 350 400 450 500 550 600
m/z
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
302.05
298.29
285.08
280.30
261.06
257.18
139.10
164.97
317.08243.20
177.17109.02
365.83 487.06405.30
[M+H-CH3]
+
 
1,3
B
+ 
[M+H-H30]
+ 
[M+H-2CO)
+
 
[M+H-MeOH]
+
 
112 
 
 
Appendix IV Fragmentations of each peak of Allium cepa in LC/MS/MS 
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22,16 32,0014,99 28,9116,30 22,31 28,1326,1522,014,97 32,605,33 17,0610,96 13,499,577,40
NL: 1,07E6
Base Peak F:   M S 
300110SOK08
NL: 1,26E4
m/z= 788,5-789,5 F: 
  M S 300110SOK08
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
788,9
380,1
790,0
253,2 334,2 381,1327,0 790,9371,1271,2 445,1 518,9408,9 481,2 627,2592,9558,1 668,9652,8 696,3 743,9719,9 758,8
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
627,1
465,1
699,1507,2 741,9610,5303,0 434,3399,1 788,8
250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
303,0
304,1
305,0267,0256,9 259,0 275,2 298,8 344,8269,1 284,3255,0 281,2 311,0 325,9290,3 313,1294,1 319,3 333,0 338,8 347,0
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,1
285,1
165,1
247,2
137,1
275,1 303,1201,0166,0121,0111,193,0
MS
2
 fragments of 789 
MS
3
 fragments of 627 
MS
2
 fragments of 303 
  
113 
Quercetin 7,4’-d iglucoside [M+H]+ 627 (20,66) 
 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94 30,77
30,9222,01 22,31 30,3424,14 28,034,90 27,55 31,2711,54 11,7211,358,56 32,0617,485,05 8,05 20,6615,9915,31 19,212,11
22,16
22,01 22,31
22,4921,93
23,3320,664,90 28,1326,66 30,61 31,7018,00 32,8011,545,58 17,177,12 14,8312,8710,568,36
NL: 1,07E6
Base Peak F:   M S 
300110SOK08
NL: 1,07E6
m/z= 626,5-627,5 F: 
  M S 300110SOK08
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
627,1
628,1
327,1 470,0371,1271,2 391,2 649,2277,3 711,1365,3 465,1 519,1 695,1413,3 726,9593,1527,2 757,4680,3 788,8485,2 569,1 610,9
200 300 400 500 600 700 800 900 1000 1100 1200
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
465,1
303,1
447,2 611,5344,9 546,6285,0 369,4257,1 481,0219,0 779,6
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
303,1
345,2 447,4429,3145,0 399,3275,1
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,0
285,0165,0
247,0
137,1
274,1 303,0201,0166,0111,0
93,1
MS
2
 fragments of 627 
MS
3
 fragments of 465 
MS
2
 fragments of 303 
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Quercetin 3,4’-d iglucoside [M+H]+ 627 (22,16)  
 
 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94 30,77
30,9222,01 22,31 30,3424,14 28,034,90 27,55 31,2711,54 11,7211,358,56 32,0617,485,05 8,05 20,6615,9915,31 19,212,11
22,16
22,01 22,31
22,4921,93
23,3320,664,90 28,1326,66 30,61 31,7018,00 32,8011,545,58 17,177,12 14,8312,8710,568,36
NL: 1,07E6
Base Peak F:   M S 
300110SOK08
NL: 1,07E6
m/z= 626,5-627,5 F: 
  M S 300110SOK08
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
627,1
627,9
465,3 649,2303,3 611,2 788,8687,9349,5 726,8327,3 371,2 391,3271,2 472,3445,2 519,2413,6 593,1 770,2566,7549,2 737,3
200 300 400 500 600 700 800 900 1000 1100 1200
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
465,1
303,1
447,1345,1257,1 609,3229,0 507,1411,3 561,2
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
303,0
447,2345,1 399,1145,1 275,3162,2
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,1
229,2
285,1165,2
303,2
247,1
304,1
137,1 274,1
201,2121,1 166,1109,2 433,0305,0 344,7
MS
2
 fragments of 627 
MS
3
 fragments of 465 
MS
2 
fragments of 303 
  
115 
Isorhamnetin 3,4’-d iglucoside [M+H]+ 641 (22,59) 
 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
RT: 0,00 - 35,03
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94
30,77
30,9222,01 22,31 30,3424,14
28,034,90 31,2022,39 30,1227,5524,3011,54 11,7211,358,56 32,0017,485,05 8,15 20,6615,9915,31 19,212,11
22,59
22,70
4,90
22,49 30,4730,34
22,80
30,19 30,5422,39 31,4126,05 28,914,97 32,7020,665,66 18,808,46 17,3812,96 14,5510,969,06 16,06
NL:
1,07E6
Base Peak F:   M S 
300110SOK08
NL:
3,51E4
m/z= 640,5-641,5 
F:   M S 
300110SOK08
300110SOK08 #2638 RT: 22,59 AV: 1 NL: 9,05E4
T: ITMS + c ESI Full ms [ 250,00-800,00]
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
627,0
640,9
649,2465,1 663,1
626,3479,1317,1 371,0349,1 527,3 710,9599,2 725,0271,1 303,2 445,1391,1 413,4 521,0 536,1 744,4575,2 788,8
300110SOK08 #2641 RT: 22,62 AV: 1 NL: 2,50E3
T: ITMS + c ESI d Full ms2 640,93@35,00 [ 165,00-1295,00]
200 300 400 500 600 700 800 900 1000 1100 1200
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
317,1
479,0
461,2359,2302,2 623,5273,5 521,1 733,2 1118,3954,7567,3229,1 813,3653,3
300110SOK08 #2642 RT: 22,64 AV: 1 NL: 6,03E2
T: ITMS + c ESI d Full ms3 640,93@35,00 317,12@35,00 [ 75,00-645,00]
100 150 200 250 300 350 400 450 500 550 600
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
302,1
285,1
139,0 165,1 257,1243,1 317,1177,1 219,1110,993,2
MS
2
 fragments of 627 
MS
3
 Fragments of 317 
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Quercetin 3-glucoside [M+H]+ 465 (23,33) 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94 30,77
30,9222,01 22,31 30,3424,14 28,034,90 27,55 31,2711,54 11,7211,358,56 32,0617,485,05 8,05 20,6615,9915,31 19,212,11
23,88 24,01
24,14
23,81
24,3022,11 25,094,90 28,61 29,6920,58 31,06 32,29 33,6317,3815,995,86 11,067,12 18,898,15 15,0612,969,67
NL: 1,07E6
Base Peak F:   M S 
300110SOK08
NL: 7,82E5
m/z= 464,5-465,5 F: 
  M S 300110SOK08
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
465,1
466,1
467,1 487,1303,1 549,1414,2 626,9428,2365,3 564,8527,3327,2259,2 594,1287,1 391,1 689,3 727,3649,0 782,9744,0668,9
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
303,2
345,1145,1 447,2369,2 429,2275,4163,3 247,1196,3
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,1
285,0
165,0
247,1
137,0 274,1 303,1201,1121,1 166,1109,1
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,0
165,0 285,0
247,1
137,0 303,1275,1
201,0166,1121,1109,0
MS
2
 fragments of 465 
MS
3
 fragments of 303 
MS
2 
fragments of aglycone 303 
  
117 
Quercetin 4’-glucoside [M+H]+ 465 (23,88) 
 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94 30,77
30,9222,01 22,31 30,3424,14 28,034,90 27,55 31,2711,54 11,7211,358,56 32,0617,485,05 8,05 20,6615,9915,31 19,212,11
23,88 24,01
24,14
23,81
24,3022,11 25,094,90 28,61 29,6920,58 31,06 32,29 33,6317,3815,995,86 11,067,12 18,898,15 15,0612,969,67
NL: 1,07E6
Base Peak F:   M S 
300110SOK08
NL: 7,82E5
m/z= 464,5-465,5 F: 
  M S 300110SOK08
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
465,1
466,1
467,1 487,1303,1 549,1414,2 626,9428,2365,3 564,8527,3327,2259,2 594,1287,1 391,1 689,3 727,3649,0 782,9744,0668,9
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
303,2
345,1145,1 447,2369,2 429,2275,4163,3 247,1196,3
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,1
285,0
165,0
247,1
137,0 274,1 303,1201,1121,1 166,1109,1
100 150 200 250 300 350 400 450 500 550 600
m/z
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
257,0
229,0
165,0 285,0
247,1
137,0 303,1275,1
201,0166,1121,1109,0
MS
2
 fragments of 465 
MS
3 
fragments of 303
 
MS
2 
fragments of aglycone 303 
118 
 
 
Isorhamnetin 4’-glucoside [M+H]+ 479 (24,47 ) 
 
F:\ts031110\SOK300110\300110SOK08 30.1.2010 22:04:19 kelta2
RT: 0,00 - 35,03
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time (min)
0
50
100
0
50
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
22,16
23,94
30,77
30,9222,01 22,31 30,3424,14
28,034,90 31,2022,39 30,1227,5524,3011,54 11,7211,358,56 32,0017,485,05 8,15 20,6615,9915,31 19,212,11
24,47
24,56
24,37
30,1224,64
29,96 30,474,90 26,6624,2222,59 31,884,97 33,117,95 14,03 18,0013,0410,76 21,468,96 17,27 18,97
NL:
1,07E6
Base Peak F:   M S 
300110SOK08
NL:
8,38E4
m/z= 478,5-479,5 
F:   M S 
300110SOK08
300110SOK08 #2824 RT: 24,47 AV: 1 NL: 1,07E5
T: ITMS + c ESI Full ms [ 250,00-800,00]
250 300 350 400 450 500 550 600 650 700 750 800
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
465,1
479,1
317,2 480,1
501,1 726,8626,9303,1 318,2 565,0 749,2271,1 527,2365,3 711,1578,7443,3 663,1413,3 689,4391,3 591,9 798,5758,1
300110SOK08 #2827 RT: 24,49 AV: 1 NL: 4,36E4
T: ITMS + c ESI d Full ms2 479,08@35,00 [ 120,00-970,00]
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
317,2
461,2359,2 413,0145,1 219,2 283,2 521,7179,0 547,9265,2 622,6572,4 871,7707,0681,7 836,0755,4 811,6
300110SOK08 #2819 RT: 24,41 AV: 1 NL: 1,21E4
T: ITMS + c ESI d Full ms3 479,05@35,00 317,23@35,00 [ 75,00-645,00]
100 150 200 250 300 350 400 450 500 550 600
m/z
0
20
40
60
80
100
R
e
la
ti
v
e
 A
b
u
n
d
a
n
c
e
302,1
285,0
257,1139,0 165,1 229,1 317,1177,1 201,0111,095,1
MS
2
 fragments of 479 
MS
3
 fragments of 317 
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Allium cepa is the most widely 
consumed onion, it is cultivated in 
many different climatic
areas. Onions contains high 
concentrations of flavonols. The 
flavonols are one subgroup of the 
flavonoids. This study profiles 
large number of flavonols and 
other metabolites of Allium 
species. 
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